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PEEFACE 


The  reader  of  this  book  will  underetand  from  its  conteota,  and 
particularly  from  its  coDcIuding  chapter,  why  it  has  remained  for 
one  of  Bordet's  pupils  to  present  his  work  as  a  whole  to  the  scientific 
world,  .\lthough  for  more  than  fifteen  years  a  protagonist  in  the 
modem  development  of  Immunity,  Bordet  has  continued  an  in- 
vestigator instead  of  becoming  a  generalizer;  he  has  been  led  by 
thoroughness  of  observation  and  brilliancy  of  inductive  reason  to 
the  collection  of  successive  significant  facts  rather  than  to  the 
assimilation  of  scattered  data  in  support  of  a  preconceived  theory. 
Whereas  others  have  been  willing  to  venture  more  fully  explanatory 
theories  of  Immunity,  Bordet,  although  contributing  a  dispropor- 
tionate number  of  important  facts,  has  contented  himself  with  the 
hypotheses  which  bridge  from  one  experiment  to  another,  and  has 
fully  realized  the  necessarily  fragmentary  nature  of  our  present 
knowledge  in  this  field  of  science. 

This  compilation  was  undertaken,  not  so  much  owing  to  the 
apparent  demand  for  similar  examples  of  monographic  coUection, 
as  from  a  sincere  conviction  of  the  fundamental  importance  of  each 
contribution  which  Jules  Bordet  has  directly  or  indirectly  given  us. 
The  somewhat  exten^ve  task  has  been  welcomed  as  a.  means  of 
expressing  gratitude  for  a  peraonal  inspiration  in  scientific  thought 
and  method. 

It  would  seem  of  particular  importance,  in  view  of  the  over- 
Gcrmaniziog  of  American  science,  that  this  collection  of  monographs 
should  appear  in  this  country. 

The  volume  includes  all  of  Bordet 's  scientific  contributions  with 
a  few  exceptions.  Among  the  latter  may  be  mentioned  the  article 
with  Danysz  on  the  method  of  combined  active  and  passive  im- 
munization against  Rinderpest,  a  series  of  four  articles  on  Coagula- 
tion of  Blood  (with  Gengou),  and  a  note  on  the  Spirocheta  pallida, 
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which  organism  Bordet  and  Gengou  were  incidentally,  the  first  to 
see.  The  articles  have  in  general  been  arranged  in  chronolo^cal 
order;  an  exception,  however,  was  made  ia  some  of  the  latter 
chapters  (XXIV  t^  XXX}  which  deal  rather  with  the  application 
of  more  theoretical  studies  which  precede. 

I  am  indebted  to  Professor  Bordet,  not  only  for  consenting  to  the 
collection  of  these  articles,  but  also  for  furnishing  the  concluding 
chapter  and  for  certwn  suggestions  and  corrections*  Doctor 
Gengou  was  so  kind  as  to  abstract  one  of  his  articles  for  this  publi- 
cation. Thanks  are  also  due  to  the  publishers  of  the  various  jour- 
nals in  which  these  articles  appeared  for  permission  to  translate  or 
to  reprint  them. 

F.  P,  G. 

Boston,  Avgwi^  1909 
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STUDIES  IN  IMMUNITY. 


I,  THE  ADAPTIVE  CHANGES  OF  BACTERIAL  CULTURES 
IN  THE  BODY  OF  IMMUNIZED  ANIMAI5  * 

Bt  JULES  BORDET,  STUDENT  OF  BIEDICINE, 

Bacteria  are  highly  adaptable.  They  frequently  change  both 
morphologically  and  functionally.  Their  virulence  is  also  an  essen- 
tially  fluctuating  property,  that  increasea  or  dinainishes  according 
to  the  conditions  to  which  the  pathogenic  organism  is  subject^. 

The  vibrio  Metchnikovi,  as  described  by  Gamaleia,  is  very  virulent 
for  certain  animals.  A  smaU  amount  of  culture  suffices  to  kill 
guinea-pigs.  Sterilized  bouillon  in  which  the  organism  has  been 
grown  is  also  very  toxic  for  these  animals  and  kills  in  a  mean  dose 
of  2  c.c.  to  100  grams  of  body  weight. 

Quinea-pigs,  althoi^h  they  succumb  to  this  micro-organism  so 
easily,  become  immunized  when  they  have  received  one  or  two 
injections  of  sufficient  quantities  0.5  to  1  c.c.  per  100  grams)  of  & 
culture  freed  from  living  bacteria  by  filtration  or  by  autoclaving. 
The  protection  obtained  in  this  manner  is  constant. 

Metchnikoff  has  shown  us,  however,  that,  when  a  guinea-pig  pro- 
tected in  this  manner  is  given  a  small  amount  of  a  virulent  culture 
of  living  oi^nisms,  the  latter  are  not  immediately  destroyed. 
They  disappear  only  after  a  relatively  long  period,  60  to  90  hours 
if  injected  subcutaneously,  or  6  to  7  days  when  injected  into  the 
anterior  chamber  of  the  eye.  There  is,  however,  a  much  more 
notable  collection  of  leucocytes  at  the  point  of  inoculation  than  in 
an  animal  that  has  not  been  protected  against  the  disease.  Not 
only  do  the  vibrios  remain  alive,  but  they  lose  none  of  their  harmful 

*  Adaptation  dea  virus  aux  oc^nismes  vaccinia.  AnoAlea  d«  I'loatLtut  Paa- 
teuT,  VI,  1892,  28.  From  the  laboratory  of  Prof.  Errera.  Botaoical  Institute, 
Bnuaelfl. 
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properties;  on  tho  contrary,  tlieir  viruJence  is  to  a  corisulcrable 
extent  incroa^CLi.  With  an  organism  motlificd  in  tiiis  manner, 
Metcbnikoff  has  Bucceedcd  in  killing  a  guinea-pig  iii  from  G  to  7 
houi^,  whcrcaa  the  onlinary  culture  takes  about  20  hours, 

What  is  the  cause  of  this  markal  increase  ia  pathogccicity?  By 
whftt  modification  haa  the  virus  act|uire<l  this  powerful  activity? 
Thid  point  wc  have  attcmjitcd  to  determine- 

Let  U3  immunize  a  guinea-pig  of  550  grams  weight  by  injecting 
3.5  ex.  of  a  fiterihzed  culture  of  V.  Metchniko^'i,  fallowed  8  days 
later  by  0.5  c.c.  of  a  hving  culture  of  the  organism.  Ten  days  later, 
when  the  anima!  has  retiimc<l  to  a  normal  condition,  we  introduce 
1  c.c.  of  a  vigorous  culture  under  the  skin  of  the  belly.  Twenty 
hours  later  a  small  amount  of  the  exudate  which  has  been  formed 
is  withdrawn  and  gnuAn  in  veal  Ixijillon  containing  peptone. 

Wlien  thirt  culture  ha.^  grown  oul^  a  cubic  centimeter  of  it,  is  taken 
and  iiijectftl  subcuLanermj^ly  in  another  similarly  vaceinateil  gninea- 
pig.  Twenty-seven  hours  after  inoculation,  a  drop  of  the  exudate 
13  withtlrawn  as  from  the  6i^t  animal  and  likewise  grown  in  bouillon. 

This  second  guinea-pig^  although  previously  in  gootl  condition,  is 
much  sicker  than  the  first  vaecinalcd  animaL  There  is  a  large  area 
of  necrosis  alxjut  the  [xiint  of  inoculation;  the  eyes  are  half  ck>sed, 
the  animal  inert,  and  prostration  iitauire^^l.  This  is  in  harmony 
with  the  experiments  of  MetchnikofT,  who  demonstrated  that  the 
vibrio  that  ha^l  reraainetl  under  the  skin  of  a  vaccinated  guinea-pig 
for  20  hours  became  more  pathogenic. 

We  have  now  three  (liferent  cultures  of  the  vibrio  Mett^hnikovi ;  a 
culture  of  the  organism  modHiod  by  a  single  passage  through  an 
immunized  animal;  a  euhure  of  the  same  organism  motlified  by  two 
pa^^j^ges;  and  a  culture  of  the  vibrio  ^rown  on  agar  in  successive 
generations  during  several  months.  We  may  obtain  a  fourth  cul- 
ture  by  passing  tiie  vibrio  through  a  non -vaccinated  guinea-pig. 
This  last  constitutes  a  culture  of  normal  vibrios  whose  virulence  has 
undergone  no  modification  through  prolonged  growth  on  artificial 
media. 

The  increase  in  virulence  of  cultures  whieh  we  call  "modifie^i," 
or  very  virulent,  may  be  due,  according  to  our  present  ideas,  to  one 
of  two  causes:  either  their  chcmiotactic  power  toward  leucocytes 
haa  diminished,  which  would  allow  them  to  escape  more  readily 
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the  ileslmctive  iwtion  of  tbese  ceils  and  consequently  develop  and 
multiply  with  greater  Eccurity;  or^  indceil,  they  may  secrete  more 
abunilant  or  more  dangerous  toxic  products  than  before. 

These  two  causes  may  operate  simultaneously-  It  is  necessary 
then  to  compare,  first,  the  chemiotactic  inBuence  of  the  original  or 
normal  organism  with  that  of  the  "nioilifieiP'  crgani^m,  and  second, 
the  toxic  prtfjierties  of  the  subitances  funnetl  by  these  two  straioa 
of  vibrios. 

ExPRRiMCXT  L  The  four  different  organisms  were  grown  in  a 
&].>enal  fJuid  that  ofTei^  a  good  culture  mofliiim  which  has  already 
been  used  by  J,  Massart  and  Ch.  Bonlet;  this  metlium  has  in  itself 
nut  the  ^-lightest  uhemiotftctic  effect  on  leucocytes. 

After  three  days  of  gnwth  at  32°  C,  capillaiy  tubes  are  filled 
with  these  virulent  cultures  and  placed  in  lots  of  a  dozen  in  the 
peritoneal  cavity  of  a  normal  guinea-pig.  They  are  removed  8 
hours  later,  whc^n  it  is  found  that  the  columns  of  leucocytes  that 
have  entered  the  tubes  vary  in  length-  In  the  tube  containing  the 
normal  vibrio,  cultivated  for  several  months  on  agar,  the  length  of 
\]m  column  is  the  same  as  with  the  normal  nbrio  recently  isolated 
from  the  tissues  of  an  unvaccinated  guinea-pig.  With  the  vibrio 
modified  by  a  single  passage  through  a  vaccinated  guinea-pig  the 
column  is  about  half  that  of  the  preceding.  With  the  organism 
modified  by  two  passages  it  is  slightly  less  than  half^ 

The  same  e^tperimeat  was  performed  with  cultures  sterilized  at 
115^  C-    No  difference  in  the  influx  of  leucocytes  was  noted. 

It  is  evidonlT  then,  that  the  attracting  power  for  leucocytes  la 
notably  less  in  organisms  grown  in  immunized  guinea-pigs  than  in 
the  two  normal  organisms;  one  that  was  passctl  through  a  normal 
guinea-pig  and  the  other  grown  for  a  long  time  on  artificial  media- 
It  is  rather  interesting  to  note  that  there  is  no  appreciable  dif- 
ference between  these  last  two  stmns  of  vibrio.  The  chemiotacttc 
properties  evidently  have  not  been  altered  by  growing  on  agar, 

A\liat  is  more»  it  may  be  mentioned  that  we  have  found  that  the 
vibrio  Metchnikovi  in  old  cultures  exposed  to  the  air  is  little,  if  at  all 
altcnuateil:  a  culture  bearing  the  date  Dec.  16, 1891,  and  inoculated 
Mari'li  29»  18^2,  in  a  dt^ne  of  i).o  cc,  killed  gumea-pig:^  in  20  hours. 
As  is  well  known,  many  pathogenic  organisms  attenuate  more 
rapidly. 
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These  experiments  show  us,  moreover,  that  a  vibrio  that  has 
undergone  two  passages  5s  only  slightly  lees  attracting  ihs>n  one 
that  hoB  undergone  a  single  passage. 

Let  us  now  consider  wlicther  the  toxicity  of  the  bacterial  accre- 
tions has  changed  in  a  manner  similar  to  that  of  the  cheniiotactic 
pro|:kerty. 

ExFEiuMENT  2.  A  healthy  guinea-pig,  weighing  G20  grams,  was 
given  an  inoculation  of  6  c-c»  of  a  very  virulent,  modified,  steriUzed 
culture.  Although  this  amount  was  rather  small,  it  killed  the 
aninml  in  tJO  houis.  At  autopsy  no  lesions  other  than  inteatmal 
congestion  were  noted. 

Another  guinea-pig,  weighing  450  grams,  received  5.5  c.c.  of  the 
ordinary  vibrio  Metchnikovi,  which  in  proportion  to  the  weight  of 
the  animal  was  slightly  more  than  was  given  the  precftling  animah 
This  animal  showed  no  effect,  however,  and  remained  in  good  condi- 
tion. 

It  ia  to  be  noted  that  an  increase  of  toxicity  here  accompanies  a 
lowering  in  positive  cheniiotactic  power. 

To  what  is  this  weakness  in  attraction  due?  Are  we  to  regani  it 
simply  as  a  quantitative  decrease  in  the  attracting  substance  that 
the  nonnal  vibrio  protluces  so  abundantly?  Or  h  there  formed,  on 
the  contrarj',  a  n.*|ielling  substance  of  whit^h  little  or  none  ta  formetl 
by  the  original  vibrio?  An  attempt  to  reply  to  these  questions 
follows. 

Experiment  3,  We  placed  in  the  peritoneal  cavity  of  a  normal 
guinea-fiig  capillar^'  tubes  containing  the  following  vibrios,  pre* 
pared  on  the  same  culture  media  as  in  experiment  1; 

(a)  Nonnal  sterilized  culture  of  vibrio  Metchnikovi.  (6)  Steril* 
ized  culture  of  the  vibrio  Metchnilvovi  from  the  exudate  withdrawn 
from  the  second  immunized  guinea-pig.  (c)  A  mixture  of  equal 
parts  of  the  two  first  fluids,  [d)  A  mixture  of  equal  parts  of  fluid 
"b"  and  sterile  culture  medium,  identical  with  that  on  which 
the  organisms  had  been  grown. 

These  tubes  were  loft  in  the  animal  body  for  S  hours.  On  exami- 
nation the  columns  of  leucocytes  in  tubes  containing  liquids  "fl/' 
"c,'*  and  *'d"  were  seen  to  be  ecjual.  In  the  "t>"  tubes  the  length 
of  the  column  of  leucocytes  was  less  than  half  this. 

A  consideration  of  tube  "d"  show^  us  tliat  dilution  with  an  inert 
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fluid  inctvttscs  the  attracting  power  cf  the  '^modifietl"  vibrio  Metch- 
nikovi  and  renders  it  quite  as  euergetiu  a^  the  normal  organisDi. 

We  may  then  put  aside  the  hypothesis  that  the  modified  vibrio 
has  loet  a  part  of  its  attracting  pro|>erties  owing  to  a  smaller  amount 
of  positive  cbemiotactic  substance.  There  is  evidently  a  negative 
chemiotactic  influence  which  lessens  to  a  considerable  degreo  the 
effect  of  the  attractive  substances.  Experiment  shows  us  that 
dilution  weakens  the  activity  of  the  first  more  than  that  of  the 
second- 

There  is  nothing  to  prove  that  these  Bubstancce,  acting  In  an 
opposite  manner  on  white  corpuscles,  arc  diestinct.  It  may  be  that 
there  ore  not  two  diflercnt  chemical  sub^tan-^ea,  but  that  one  and 
the  same  substance  may  attract  leucocytes  when  diluted  and  repel 
them  when  concentrated.  This  la^t  hypothesis  is  far  from  difficult 
to  accept:  we  know,  indeed,  the  profound  influence  which  the  con- 
centration of  various  substances  has  on  their  power  to  affect  sus- 
ceptible cells,  Thiaienot  aauppositioi),  however,  that  we  have  been 
able  to  prove. 

Whatever  the  substance  may  be  to  which  the  repelling  action  is 
due,  it  is  present  and  acts  energetically  in  the  moi.h6ed  vibrio,  but 
it  is  also  manifest  to  a  less  degree  in  the  onlinary  organism.  As  a 
matter  of  fatt,  the  attracting  power  of  the  secretions  of  this  latter 
organism  increases  with  dilution,  as  demons tratetl  by  a  capillary 
tube  experiment. 

The  vibrio  that  has  been  growTi  in  an  immunized  guinea-pig  does 
not  long  retain  its  intense  rejjelling  property  when  grown  on  arti- 
ficial me<lia. 

Em'kriment  4,  A  comparison  waa  made  as  r^ganls  chemio- 
taxis,  by  the  t^ame  method  of  oajMllaiy  tub^,  between  the  vibrio 
Metebnikovi  cultivated  for  a  long  time  on  agar  lube^  and  a  vibrio 
marked  "ver>'  virulent"  that  had  Ijeen  transplanted  every  four 
daj's  for  nearly  half  a  month  in  veal  bouillon  containing  1  per  cent 
peptone-  The  leucocytes  filled  equal  lengths  of  the  tubes  of  each 
strain. 

IVe  have  seen  that  residence  in  the  body  of  a  vaccinated  animal 
lenris  certain  mod iti cations  to  the  vibrio  Motchnikovi;  it  becomes 
more  toxic  and  less  attracting  for  leucocytes.  Let  us  now  consider 
how  the«ic  motl ideations  are  produced. 
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When  we  inject  vibrioft  subt^utaneoiisly  ia  a  vacrinated  guinea- 
pig  an  emigration  of  leucocyte  rapifUy  takes  pla<!P-  thf  first  white 
corpuscles  to  arrive  at  the  point  of  innculation  find  a  considerable 
number  of  adversaries  nF  which  they  can  destroy  only  a  few.  It 
would  be  sufficient  for  a  few  of  these  vilirios  to  \^  endowetl  willi  a 
slightly  more  intense  }>ower  of  attraf^tion  than  their  fellows,  to  cause 
the  phagocytes  to  direct  themselves  by  preference  toward  the*^e 
organisms  and  to  take  them  up.  Very  slight,  ahnost  inappreciable 
differences  will  conseriuenlly  predestine  certain  bacteria  to  rapirl 
phagocytosis.  In  the  same  way  an  inferiority  in  secretion  of  toxic 
products,  however  slight,  will  cause  a  predisposition  to  rapid 
destruction. 

In  a  word,  leucocytes  kill  first  those  organisms  that  are  less  resist- 
ant, and  the  culture  inoculated  will  be  freeil  first  of  those  individuals 
which  either  form  less  poison  than  their  fellows  or  attract  the 
leucocytes  morOp 

In  the  meantime  the  vibrios  that  have  been  left  alone  will  divide 
and  produce  new  organisms  which  in  turn  will  be  exposed  to  the 
attack  of  phagocytes.  These  latter  will  Eigain  suppress  those  indi- 
vidualfl  that  arc  most  poorly  armed  for  the  struggle,  and  will  leave 
only  those  that  possess  in  highest  degree  tho  two  charactei^  just 
noted.  Thanks  to  this  process  of  selection^  new  generations  of 
organisms,  like  those  represented  by  the  cultures  used  in  our  experi- 
ments, will  be  derived  for  the  most  part  from  those  bacteria  which 
have  been  endowed  with  certain  advantages. 

For  the  production  of  this  new  race  it  is  necessary: 

First :  that  leucocytes  come  up  continually.  If  they  do  not  come 
to  the  point  of  inoculation,  no  selection  occurs  and  the  organisms  do 
not  gain  in  pathogenicity.  So,  when  \injlcnt  vibrios  are  injfK^ted 
subcutancously  in  a  normal  guincji-pig,  the  influx  of  leucocytes  is 
very  shght  and  the  organism  obtaine^l  by  this  passage  has  no  [lar- 
ticular  characteristics.  If,  on  the  contrary,  a  normal  guinea-pig  ia 
given  an  inoculation  of  an  attenuateil  vibrio  Metehnikovi,  which  lias 
a  strong  attraction  for  leucocytes,  the  selection  is  brought  aboiil,  ami 
the  organism  increases  in  vimlpnce.  The  leucocytes  are  the  ncfive 
agents  in  selection,  and  it  is  they  that,  by  eliminating  the  least 
resistant  organisms  and  sparing  the  others  for  a  while  so  that  they 
may  multiply,  cause  the  increase  in  virulence  that  has  been  noted. 
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Second:  that  the  influx  of  leucocytes  take  place  with  a  certain 
regul&nty  and  in  a  gradual  and  progressive  manner.  Selection 
requires  a  certain  time.  It  is  in  those  places  in  an  immunized 
animal  where  the  influx  of  leucocytes  occurs  slowly,  for  example, 
in  the  anterior  chamber  of  the  eye,  that  the  vibno  Metchnikovi 
acquires  the  most  extreme  virulence.  It  has  been  noted  in  referring 
to  Metchnikoff's  work  that  the  vibrio  obtained  in  this  manner  is  the 
most  active,  killing  the  guinea-pig  in  6  hours. 

Another  fact  of  Metchnikoff's  is  very  similar.  Anthrax  is  more 
deadly  for  the  pigeon  when  injected  into  the  aqueous  humor  than 
elsewhere.  It  will  be  recalled  abo  that  with  some  oi^anisms  inocu- 
lation into  the  circulation  b  much  less  dangerous  than  into  the 
connective  tissue* 

This  ends  our  account  of  the  vibrio  Metchnikovi  for  the  present; 
we  shall  later  return  to  it 

Not  all  organisms,  as,  for  example,  the  bacillus  of  swine  plague 
(rouget  du  pore),  acquire  the  same  virulence  when  passed  through 
vaccinated  or  more  or  less  refractory  animals. 

New  studies  to  determine  whether  a  culture  subjected  to  various 
conditions  becomes  modified  in  respect  to  its  chemiotactic  power 
and  the  toxicity  of  its  secretions  are  in  progress. 


II.  STUDIES  ON  THE  SERUM  OF  VACCINATED 
ANIMATE* 

By    DR.   JULES    BORDET. 


The  subject  of  immunity  has  expanded  in  the  last  few  years, 
The  fundamental  problem,  to  thc^  aolution  of  which  a  considerable 
number  of  researches  have  been  devoted,  is  to  explain  how  animals, 
cither  on  aei^ount  of  a  natural  rcfractorj"  eondition  or  owing  to  an 
artificial  immunization^  resist  the  invasion  of  agiven  micro-organism 
and  overcome  an  infection  by  destroying  the  bacterium  or  the 
poison  which  it  secretes.  But  there  arc  other  facts  which  also 
demaml  explanation.  Animals  which  have  been  well  immunized 
against  a  given  infection  either  by  rcpeatetl  injections  of  baclcrial 
products  or  of  living  cultures  may  be  distinguished  from  normal 
animals  not  only  bj-  the  fact  that  they  henceforth  resist  this  infec- 
tion, but  alsoj  in  numerous  instances,  by  the  fact  that  their  body 
fluids,  particularly  the  blood  serum,  poi^ess  properties  which  are 
not  i^bser\"ed  in  the  non-vaccinatetl  animal.  The  scrum  of  vacci- 
nated animals  is  often  preventive  and  at  times  bactericidal  or 
antitoxic.  It  is  not  sufficient  for  theories  of  immunity  to  explain 
how  an  animal  that  has  been  vaccinated  is  fitted  to  overcome 
ail  infptlion:  they  most  alsn  fxphtin  linw  tlie^e  new  properties, 
the  &tudy  of  which  has  sj»  greatly  interesteil  bacteriologists, 
Lave  been  formed  in  the  body  fluids.  The  study  of  the  serum  of 
immunised  animsls  forms  a  new  chapter  in  the  history  of  the 
struggle  l>etween  the  animal  and  infective  agents,  under  which  heail- 
ing  practical  results  of  the  highest  importance  are  alren*.ly  inscribed. 
Any  explanation  of  the  phenomena  is,  however,  still  far  fnmi 
complcte. 

The  substances  which  are  present  in  the  serum  of  vacuinata! 
animals  and  which  endow  them  with  their  particular  property  are 

*  rnulnliLition  ^  I'l^luJc  ilu  *eruiu  chea  led  animauic  v^uciEi^"^.  Aunaleii  dc  In 
&ociei6  rpyflle  <i«i  wienceM  m^Jic^lt^  fit  net,  de  Bimelles,  IV,  iSflft. 
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unknown  to  us.  But  apart  from  their  chemical  constitution,  con- 
cerning which  hypotheses  only  may  be  offered,  these  substances 
should  be  studied  from  various  points  of  view,  and,  indeed,  innumer- 
able questions  concerning  their  functions  and  their  origin  at  once 
suggest  themselves.  Where  are  these  materials  formed?  By  what 
cells  are  they  elaborated?  Are  they  uniformly  distributed  and 
dissolved  in  the  body  fluids;  or  are  they  concentrated  in  certtun 
individual  re^ons?  What  is  their  function  in  acquired  immunity? 
To  what  extent  does  bactericidal  power  contribute  to  protect  the 
organism?  By  what  mechanism  do  preventive  substances  in  sera 
insure  immunity  in  animals  in  which  they  have  been  injected? 
Certain  of  these  problems  have  already  occupied  the  attention  of 
experimenters;  certain  of  them  have  been  attacked  with  more  or 
less  success  and  treated  more  or  less  completely,  and  others  have 
only  been  touched  on.  Without  any  premature  hope  of  ultimate 
explanation,  one  may  extend  our  knowledge  by  offering  new  facts, 
or  contributing  a  detail. 

LEUCOCYTES  AND  TMMUNFrY, 
I.   Phagocytosis  in  General,    Phagocytosis  in  Cholbra. 

The  studies  which  are  to  be  detailed  in  the  present  article  lead  us 
to  attribute  to  the  leucocytes  an  important  function  in  the  elabora- 
tion of  those  substances  which  endow  sera  with  their  activity.  It 
has  been  known  for  some  time^  thanLs  to  the  persevering  efforts  of 
the  creator  of  the  existing  theory  of  immunity,  Metchnikoff,  that 
body  celb  take  an  energetic  part  in  dissipating  an  infection  and  so 
wd  in  a  very  important  manner  in  the  cure  of  infectious  diseases. 
Leucocytes  respond  to  stimuli  in  several  ways  and  are  capable  of 
reacting  in  several  different  manners.  These  different  reactions 
are  often  all  exercised  in  the  course  of  a  given  phenomenon.  They 
are  often  all  necessary  for  the  accomplishment  of  a  single  vital  act- 
The  study  of  these  properties  forms,  then,  a  collective  whole  which 
may  not  be  dissociated,  and  for  this  reason  it  seems  useful  to  review 
at  the  beginning  whatever  is  known  concerning  the  participation 
of  the  white  blood  corpuscles  in  the  struggle  against  bacterial 
parasites. 

The  fundamental  facts  of  the  phagocytic  theory  have  been  so 
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frequently  determineil  by  ifulividiisil  researches,  so  frerjucntly 
demoriKlTHU'd  in  artlck*  (lealing  wil.h  the  general  pmblein  of 
inununity,  that  it  would  scarcely  be  necessarj'  to  repeat  the  history 
of  its  development  and  to  eouineratc  the  data  on  which  it  has  been 
foundefl.  We  may  be  permitted,  however^  Lo  recall  the  nir.ist 
demonstrative  facts  which  may  be  citeil  in  confiraialion  of  this 
doctrine. 

Tlic  phagooytic  function  belongs  essentially  to  the  polynuelear 
araphophiks  *  to  the  large  mononuclear  leucocytes  and  to  certain 
endothelial  cells  of  the  capillaries  of  the  hvcr  and  the  spleen  (their 
parenchymatous  cells  may  also  in  certmu  cases  manifest  phagocytic 
properties).  Phagocytosis  \s  found  throuffliout  the  animal  king- 
dom. It  occurs  in  all  the  contagious  diseases  that  have  been  well 
studied,  not  only  in  those  of  a  particularly  infectious  nature,  but 
also  in  those  that  arc  preeminently  toxic  and  in  which  bacterial 
invasion  13  estrcmeiy  limited.  The  tetanus  bacillus  and  the 
diphtheria  bacillus,  for  example,  arc  taken  up  and  tlestroycd  by 
phagocytes.  Phagocytes  also  play  an  essential  r61e  in  chronic 
bacterial  infections,  aa  the  constitution  of  the  tubercle  indicates. 

Phagocytes  do  not  limit  their  activities  to  the  taking  up  of  living 
or  dead  microbes.  They  may  also  capture  spores  and  prevent  their 
germination*  Their  activity  may  also  be  utilizeil  against  other 
foreign  budies  and  agfwnst  the  other  cells  of  the  same  animal  when 
they  have  become  useless  or  even  harmful  and  are  destined  to 
disappear.  The  protoplasm  nrphagcityles  likewise  takes  up  soluble 
sulfritanco  mtrr>luced  into  the  Ixnly,  as  was  shown  by  the  researches 
«f  Samoiloff.t  and  of  Lijifiki,!  (Pharmacolngical  Institute  of  Durpat) 
on  the  distribution  of  iron  and  of  silver  as  isoluble  compounds  in  the 
animal  bi^ly. 

What,  proves  the  very  fundamental  function  tjf  [jhagocytes  in  the 
destruction  of  bacteria  is  the  surprising  rapidity  ^^^t.ll  which  the 
engulfing  of  organisms  may  be  acecmplisheti,  as  several  obscrverSf 

*  Ecsmophilic  leijcoc^ten  otLlyrorely  take  up  bacteria.  McedjI  (Anaalea  it« 
I'lnA'LJiut  ru:?t?ur»  Muj,  181>5l  Jjos  QOCed,  in  t  fie  fmg,  eo^inophiiic  i^ells  in  the  axi 
of  engtilfiDg  finlhrax  bncilli.  We  have  Blill  oQore  re<¥nUy  noTtid  tKe  taking  up 
of  the  diphtbcrifi  batiiliis  by  the  co^inoptiilcd  of  a  ^linca-pij^  Lmmiiaiic<i  by  a 
Btrong  clo^  uf  aii[i-dipLtb(>riA  Benim- 

t  Sunoilolf,  Arboitf^n  dofl  p!jarmEibcalt>giHhea  Iiulitutoam  Dorpat,  IX,  IB^- 

t  LipakiT  Ibid, 
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ami  Wcrigo  *  in  particular,  have  shown.  We  shall  have  occaaifjn  to 
consider  tiw.  taking  up  by  phagocytes  of  cholera  vibrios  injected 
inlraveuously.  We  Iiave  alreatly  not^d  the  almost  instantauerjua 
occurrence  of  this  phenomenon, 

Tlip  inleosity  with  which  phagocjytopis  occuis  in  infected  animals 
is  always  proportionate  to  the  re&Istance  of  the  animal;  in  the 
majority  of  casts  it  may  serve  in  the  course  of  an  infection  as  an 
indication  of  the  outcome  of  the  struggle  between  thy  bacterium 
anj  the  animal.  So,  for  instaui-e,  it  is  oiore  aeiive  in  vamjiatwl 
animals  than  in  normal  animals,  whether  the  refractory  stage  be 
obtained  as  a  result  of  the  injection  of  attenuated  or  stylized 
cultures  or  by  means  of  a  preventive  serum. 

The  existence  of  a  peculiar  rcaetion  on  the  part  of  Leucocytes  to 
chemical  subetancce  secreted  by  bacteria  offers  important  evidence 
of  the  part  which  these  cells  take  in  defense  of  the  body>t  As  soon 
as  the  bacteria  penetrate  the  tissue  their  presence  is  evident  from 
the  fact  thattheirdiffusibleproducts  causea  phenomenon  of  chemi- 
otaxis  on  the  part  of  the  phagocytes.  The  tactile  reaction  of  theae 
cells  permits  them,  when  chcmiotax:is  haa  been  manifested  and  when 
they  have  approached  the  infecting  bacteria  to  the  point  of  contact, 
jto  send  elongations  about  them  and  to  engulf  them.  The  rapidity 
irith  which  these  various  phenomena  follow  each  other,  particu- 
larly in  vaccinated  animals  or  when  dealing  with  sli^tly  virulent 
organisms,  shows  how  active  phagocytic  intcn'ention  is. 

The  relation  between  the  quaUty,  methoil  of  rcactionj  and  number 
of  phagocytes  on  the  one  hand  and  the  efficiency  of  the  defense  on 
the  other  is  shown  by  a  series  of  phenomena.  Leucocytes  arc  little 
attracted,  and  may  even  he  repulsed  by  very  virulent  microbes. 

An  attempt  has  recently  been  made  to  discredit  the  importance 
of  chemiotaxis  in  immunity.  Werigo,  who  of  course  recognizes 
the  existence  and  the  purpose  of  positive  chemiotasis,  has  certain 
doubts  &$  to  the  existence  of  a  negative  chrmiotaxis.  Woronin 
goes  even  further-  He  attribntew  to  ehcmiotitxLs,  whether  (Misitive 
or  negative,  an  almost  negligible  function  in  the  defense  of  the 

*  Wtrij^,  Lc9  gtobuLee  bl^JiCs  prQl««tt^ur9  liu  sang:  AtidiJb9  de  I'luetitut 
Paat^jur.  I8l>2. 

f  J.  Massari  er  Ch.  Borrfel,  Joumji]  de  U  Society  royoie  dea  Bclerxces  tiAtiir«Ues 
ot  rnddicdcB  de  Bruxelles,  ISDO. 
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organism  against  infection-  It  is  certain  that  pnaitivc  chembtaxia 
of  leucocytes  haa  been  proved  in  an  exact  manner  by  demonstrative 
ex]jeriment8  that  cannot  be  controverted.  Bacterial  cultures 
attract  leucocytes,  and  this  attraction  ia  often  very  marketl-  This 
is  an  established  fact,  the  significance  of  which  from  the  staniljxdiit 
of  immunity  appears  quite  evident.  Let  ua  hasten  to  add  Hiat 
Waroniji  does  not  deny  chemiotaxia;  but  he  thinkw  that  this  re- 
action  on  the  part  of  the  leuc(K:"ytes  is  not  inditipensable  nor  even 
particulnrly  us<.'ful  t.<i  them.  Phagix:yles  may,  according  to  this 
author,  fulfd  tlidr  funtrtion  simply  by  meana  of  their  tactile  reaction. 
Tills  invi'ytigator  atlt^mpLs  to  shnw  anew  the  already  wt-U  known 
fact  thai  leucocytes  do  react  to  contact^  that  they  voluntarily  enter 
porous  Ix)ilies,  opening  in  lissues,  etc.  He  recognizes  that  the 
reaction  to  contact  is  very  highly  developwl  and  eonnludes  that  the 
engulfing  of  bacteria  may  lie  due  simply  Ui  this  reaction.  No  one 
doubtf^  that  the  tactde  reaction  is  avaluable  pmpertyin  leucocytes, 
&3  is  made  clear  by  thi.tsp  authors  who  have  studieiJ  chemiotaxis  * 
It  appears  quite  certain  that  phagocytes,  when  they  open  up  on 
contact  with  inert  non-attraeiive  particles  (charcoal,  for  example), 
may  ingest  them  in  their  protoplasm;  this  ingestion  is  due  entirely 
to  the  tactile  sensitiveness  of  the  cells-  But  how  does  the  import- 
ance of  the  leucoeytic  reaction  to  contact  diminish  the  reaction  to 
chc[nical  substancet??  How  much  must  the  (aking-up  of  living  or 
dead  particles  be  facilitated  if  three  particles  diffuse  substances 
that  attract  leucocytes  and  cause  them  tomove  toward  the  particles? 
If  we  admit  the  intensity  of  pos^itive  cheniiotaxis,  which  is  easily 
determined,  we  cannot  deny  to  these  phenomena  their  evident 
function.  Werigo's  objections  "f  to  the  arguments  which  tcn<l  to 
admit  a  negative  chcmiotaxis  of  leucocytes  are  better  founded. 
Wcrigo  does  not  think  it  ha-s  been  shown  that  there  are  substances 
capable  of  produt^ing  a  retraction  of  leucocytes.  We  have  been 
accu^^tomed  to  regard  lactic  acid,  For  example,  as  possessing  such  a 
repellent  action  from  the  follovi-ing  experiment:  if  wc  mix  a  small 
quantity  of  lactic  acid  with  substances  which  are  very  attractive 
(bacterial  products),  it  is  noted  that  the  mixture  no  longer  attracts 


*  J-  Mw*flrt  and  C.  Bordet.,  loc.  eil. 

t  WerifED,  D^olijppemeLJt  du  ctiorboa  chcB  le  lapio. 
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leucocytes,  and  from  {h]»  fact  we  may  a^isumE?  that  lactic  acitJ  is 
enrirtwed  with  propGrtics  that  are  antagoDislie  trj  tiiow  of  bHclerial 
products;  in  other  words,  one  may  attribute  toil  a  negative  chemio- 
tactic  power, 

Werigo  does  not  agree  with  this  interpretation.  It  seems  to  him 
that  lactic  acid  inhibits  the  attraction  of  leucocytes  not  by  exercising 
on  them  a  truly  repelling  action,  but  by  harming  them  or  paralyzing 
tbera,  and  so  preventing  them  from  fe*?lirig  the  attracting  influence 
of  bacterial  products.  Nor  does  Werigo  believe  in  the  repelhng 
action  of  bacterial  eecretions  any  more  than  ho  decs  in  the  same 
action  on  the  part  of  lactic  acid.  In  serious  infections  where  no 
phagocytosis  U  prcJ^ent  the  non-intervention  of  leucocytes  Boemg 
to  him  due  not  to  the  fact  that  tliey  are  repelled^  but  that  they  are 
wmply  not  attracted  I.  In  other  wonlg,  there  is  an  abaencc  of  posi- 
tive chemiotaxis  without  any  actual  negative  chcmiotaxifi.  In 
brief,  *'we  find,"  says  Werigo,  *' thata  negative  ehcmiotasia  for  leu- 
cocytes has  not  yet  been  proved  in  a  satisfactory  manner.  The 
question  must  be  left  to  further  experiments," 

rfVlthougb  Wcrigo'a  objcctioa^  have  some  foundation^  we  believe 
that  a  negative  chcmiotaxia  of  leucocytes  does  exist  and  that  it  may 
be  provcti  cxpcrimentallyH 

Experiment  1.  A  normal  guinea-pig  was  given  an  injection 
in  the  peritoneal  cavity  of  1  c.c.  of  a  two-*lay  culture  of  strepto- 
coccus, (The  culture  mevlium  is  a  mixture  of  bouillon  and  serum 
suitable  for  maintaining  the  virulence  of  the?  organi.'^m.')  Tim 
streptococcus  cLnployetl  was  a  very  virulent  organism  kindly  fur- 
nished us  by  our  friend  Marmorek. 

Before  injection  the  ]:>firitoneal  f^avity  was  found  to  contain  a  few 
leucocytes  largely  of  the  mononuclear  type  aiiti  a  few  eosinophiles; 
LlK-re  were  very  few  polynuclear  micro|thagef*. 

After  injection  a  small  amount  of  exudate  was  removed  at  inter- 
vals otid  staiin^l  [iri-parations  were  mmle. 

Within  it  few  minutes  some  organi?j|[is  were  found  within  mononu- 
clear leucocytes.  But  as  these  leucocytes  are  few  in  number  a 
majority  of  the  or^sni^nis  remain  free. 

After  ao  hour  the  polynuclear  leucocytes  are  to  be  found,  but  they 
arestiU  few  in  numljer;  it  is  to  be  noted,  however,  that  the  majority 
of  thera  have  taken  up  organisms.    The  cumber  of  these  leucocytes 
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Lhen  Incroa-ses  rapidly.  After  3  houre,  for  example,  it  m  found  that 
iiie  pxudatt:  i>i  very  riMh  in  palymidearw.  TIuni?  t^elLs  are  far  more 
thau  are  required  to  Uiki;  up  all  IIid  orgamsms  present;  as  a  matUT 
of  fact,  only  a  relatively  small  number  of  cocci  were  injected  and 
these  have  had  no  opportunity  to  increase-  But  tu)  matter  how 
nuifferou^  the  phagocytes  are ^  free  orgamsms  which  have  escaped  the 
destructive  phagocytic  action  are  siiU  found  in  the  surrounding  fluid. 
Only  a  certain  number  of  them  have  become  the  prey  of  the  white 
corpuscles. 

Then  asecondphasoof  the  infection  begins.  The  number  of  micro- 
phages  continues  to  increase.  At  the  same  time  the  organisms  that 
have  not  been  taken  up  multiply  and  give  rise  to  new  individuala. 
At  the  end  of  6  houra  the  caudate  is  seen  to  contain  very  large 
numbers  of  phagocytes  and  at  the  eamc  lime  a  considerable  num- 
ber of  organianis.  But  these  phng^tcytes  are  empty.  The  phago- 
cytosis of  the  coccus  noted  at  fii^t  is  no  longer  present.  Thia  fact 
is  etill  more  eurpriaing  since  the  organisms  and  the  phagocytes  must 
etill  be  in  contact:  it  would  seem  as  if  the  tactile  reaction  which 
the  cells  usually  show  would  suffice  to  produce  phagocytosiSp 

It  miist  be  that  some  active  influence  prevents  the  phagocytes 
from  taking  up  those  organisms  scattered  about  them.  What  is 
this  influence?  Two  explanations  occur:  (o)  either  the  leucocytes 
an;  paralyzeil  by  the  toxin  that  the  streptococcus  secretes  in  multi- 
plying; or,  (b)  the  leucocytes,  while  retaining  all  their  motihty  and 
faeiJity  for  taking  up  organisms,  may  have  b(!en  subjected  to  an(^- 
tive  chemiotactic  influence  from  the  streptococcus  thai  prevents 
them  from  taking  up  the  bacteria.  We  shall  see  that  the  firBt  of 
these  hypotheses  is  incorrect.  The  second  is  the  true  explanation- 
Eight  hours  after  injection,  when  the  animal  appeare  to  be  very 
sick  and  the  peritoneal  exudate  is  ahve  with  organisms  and  very 
rich  in  phagocytes,  we  give  a  second  injection,  We  inoculate  1  c.c. 
of  a  rich  txfuillon  culture  of  Proteus  vulgaris  (24  houre  old);  this 
organism  is  only  shghtly  virulent  and  is  easily  destroyed  by  phago- 
cytes. A  few  moments  later,  if  we  take  out  a  little  exudate,  we 
find  that  the  cells  which  refuse  to  take  up  the  streptococcus  have 
eagerly  taken  hold  of  the  new  organism  offered  them,  ^Vlthin  a 
half  hour  almost  the  entire  culture  is  within  phagocytes.  It  18 
extraordinary  how  these  phagoeytes  have  chosen  between  the  two 
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varieties  of  bacteria.  Willi  greatest  delicacy  the*'  have  react«l  to 
a  new  chemical  substance  and  each  ooe  takes  up  nnuicrous  Prnteua 
organisms,  recognizable  by  thsir  rofl  shaiie^  but  slill  refusra  ihe 
streptococci  whirb  K^main  st'atteretl  Ibmugilinut  Lbe  pre[Mration 
outride  the  cells.  The  protopWsm  of  the  phugocytes  aeta  rapidly 
on  ihe  bodies  of  the  Ijarleria  that  have  bceti  engulfed.  These 
Pmteus  bac^iUi  aoijn  nianifet  chaoges  io  their  reaction  to  dyes:  a 
preparation  from  the  exudate  taken  a  shnrt  time  after  the  seoond 
mjecJion  or  kept  For  a  few  hours  in  a  moist  cliaiiiber  shows,  with  a 
contrast  stain  of  eosin  and  methylene  blue,  phagoeyles  containing 
reddish  rods  (Proteus)  i  outside  the  cells  arc  seen  numerous  sircp- 
tococei  stained  blue.  The  orgauLsms  that  have  been  taken  up,  then, 
take  an  acid  stain  instead  of  the  usual  methyli^at?  blue. 

We  may  conclude,  then,  that  the  leucocytes  of  the  peritoneal 
exudate  have  been  neither  killed  nor  paralyzed  by  a  toxin  from  the 
etreptoeoeeui?.  Their  faculty  of  engulfing  hsa  remained  intact, 
but  they  refuse  to  eoter  in  contact  with  the  etreptococcua  owing 
to  the  fact  that  they  receive  a  negative  chemical  stimulation  from 
this  organism. 

It  may  be  clearly  seen  from  thU  experiment  that  phagocytes  are 
capable  of  choosing  with  great  delicacy  between  organisma  offered 
them  on  account  of  their  reaction  to  chemical  substances-  It  is 
then  very  probable  that  when  an  animal  is  Inoculated  with  a  given 
bacterium  the  phagocytes  first  take  hokl  of  those  individual  or- 
ganisms that  are  niOHt  attracting,  that  b  to  say.  the  least  dangerous. 
From  this  standpoint  it  is  easy  to  understand  thai  the  incrtase  in 
m'rufcwr  by  passage  through  the  animal  body  is  due  at  least  in  part  to 
selectitfn  on  Ihe  part  of  the  phagocytes^  The  evolution  of  the  in- 
fection which  has  just  been  described  gives  evidence  of  this  fact, 
Tlie  injection  of  the  relatively  scanty  cidlure  of  streptococcua 
caused  a  gathering  of  leucocytes  (it  is  known  that  the  injection  of 
simple  bouiMon  without  the  presence  of  bacterial  prorluct,s,  also 
causes  this  phenomenon).  Fveucncyte^  in  the  beginning  take  up  a 
certain  numlxT  tif  bacteria,  but  they  fad,  although  present  in  rela- 
tively larger  nu mix' r^  than  the  bacteria,  to  absorb  certain  inilivifhiala 
particularly  endoiAcd  with  repelling  pmijcrties.  Tliese  more  viru- 
lent organisms  may  mulli|]]y,  and  fumisli  new  individuals  of  like 
•virulence,  and  similarly  insusceptible  to  phagocytic  action. 
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We  believCf  then^  that  wearejustifieilin  repeating  what  we  wrore 
thrct  years  ago  on  the  increase  in  virulence  of  bacterial  iDfcclive 
agents-  *  ''When  wo  inject  vibrlch  subciKHneously  in  a  vaccinated 

ilnea-pig  aJi  emj^ratinii  tif  leuccx-jies  rapiilly  takes  place.  The 
in^t  white  [;orpusclert  Ut  arrive  at  the  point  nf  irKJcuIatinn  fimi  a 
considerable  numbiT  nf  utiversarii^,  uF  which  they  can  tiestroy  only 
afew_  It  w'oiihl  bewnffieient  for  a  few  of  these  vitirioslcj  be  endowed 
with  a  filightly  more  intense  power  of  attraction  thau  lhr.'ir  feUows, 
trj  eauHe  the  pliagocytes  to  direct  llienL^flves  by  preference  towanl 
these  organisms  and  to  take  ibein  up.  Very  slight,  abnost  inappre- 
ciable differences  will  consequenlly  pre-.testine  certain  bacteria  to 
rapid  phagocytosis.  In  the  same  way  an  inferiority  in  secretion  of 
toxic  products,  however  slight^  will  caUKe  a  predisposition  to  rapid 
destruction, 

"In  a  word,  leucocytes  kill  first  those  organisms  that  are  less 
resistant,  and  the  culture  inuculaletl  will  be  freed  first  of  those 
inrlividuaLs  which  either  form  less  poison  than  their  feliows  or 
attract  the  leucocytes  more, 

"In  the  meantime  the  vibrios  that  have  been  left  alone  will  divide 
and  produce  new  organisms  which,  in  turn,  will  be  expcsed  to  the 
attack  of  phagocytes.  These  latter  will  again  stippress  those  indi- 
viduals that  are  moel  poorly  armed  for  the  strusglc,  and  will  leave 
only  those  that  possess  in  bighcf^t  degree  the  two  charactoi^  just 
noteil.  Thanks  to  this  process  of  sclcetion,  new  generations  of 
organism?,  like  those  represented  by  the  cultures  ur^etl  in  our  experi- 
ments, will  be  derived  for  the  moat  part  from  those  bacteria  which 
have  been  endoweil  with  certain  advantages." 

It  has  alrca^ly  been  well  eatabhsheil  that  virulent  strains  of  an 
organism  attract  Leucocytes  less  strongly  than  do  attenuated 
strains- 

Thij>  phenomenon  of  selection  certainly  cornea  into  play  in  mixed 
infections.  Phagocytes  may  direct  their  efforla  particularly  toward 
one  of  the  invaders  and  so  neglect  the  other. 

A  diversion  would  thus  be  caused  which  would  favor  the  develop- 
ment of  the  more  danpierous  infection.     As  we  have  given  a  very 
clear  experimental  exanjple  of  ihi.-^  faet,  it  may  be  a.ssiinjed  tliat 
pbenoraena  of  the  same  sort  occur  under  natural  conditions. 
*  See  "Adfrptatlve  cbAngda  ot  bjutcriiLt  cij[tur(<a,  otc^/'  p.  B. 
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In  animals  ihal  have  been  vaccinated  by  the  injt'Ction  of  cultures 
or  by  a  preventive  serum,  the  chemiofautic  response  of  leucocytes 
for  the  baclcrium  with  which  the  imnmniz&tion  has  been  brought 
about  has  been  increasecL  The  number  of  phagocytes  is  in  general 
lai^cr  in  immunized  animals  than  in  normal  animals;  tbe  army  of 
defenders  is  jncreaseil.  If  phagocytes  are  filled  up  by  injetvting 
inert  powders  into  the  bliwxl  stream,  or  if  the  animal  has  been 
weakeiietl  by  fasting,  rold,  bleeding,  t>r  over-heati ug,  an  infection 
may  ilevelnp  whioh  umli^r  normal  conditions  miglil  be  overcome. 
The  objectioris  that  haV€  been  directed  against  the  phagocytic 
theory  by  partisaiw  at  the  "  bfletj^ncidal  tbfftty  of  tlie  body  fluids*' 
have  been  gradually  dif^jiosed  of.  The  btnly  fluids  do  not  always 
appear  to  bo  of  importance  in  defending  the  animal  boily,  U  has 
alrearly  been  noted  that  bacteria  whieh  have  been  inoculatod  in 
sera  niay  suffer  simply  from  the  sudden  change  of  medium  to  which 
they  have  been  subjected.  This  i^  particularly  true  when  they 
have  become  unaccustomed  to  living  in  body  fluids  on  account  of 
their  culture  on  artificial  media. 

Besides,  there  is  no  constant  or  necessary  parallel  in  normal 
animals,  any  more  than  in  vaccinated  animals,  between  the  anti- 
septic proptTlies  ofeerum  and  a  refractory  slate.  It  is  true  that  tbe 
serum  of  animals  vaccinated  against  the  cholera  vibrio,  or  againat 
the  vibrio  MeLchnikovi,  is  endowed  with  an  energetic  bactericidal 
property  against  its  respective  organism,  while  the  serum  of  normal 
animalR  has  only  very  weak  destructive  properties  for  these  bacteria. 
But  ihe  e:dstcncc  of  a  strong  l^actcricidai  property  in  the  scrum  of 
vaccinatdl  animals  is  exceptional  rather  than  uaual.  Animals  well 
immunised  against  pneumonia,  tetanus*,  bog-cholera,  diphtheria, 
etc..  have  ^era  endowed  with  preventive  or  curative  properties! 
which  show  no  baclericidal  property.  The  dcistruction  of  bacteria 
in  suL'h  animals  is  always  brought  about  by  phagocytes. 

The  theory-  of  the  "attenuation  of  bacteria  by  the  body  fluids" 
is  no  more  general  in  application  than  is  the  theory  of  the  "bac- 
tericidal property  of  the  body  fluids."  Organisms  cultivated  in 
the  senmi  of  vaticinated  animals  generally  become  accustomed  to 
this  medium  and  suffer  nu  diminution  in  Iheir  pathogpnic  power. 
No  diminution,  moreover,  is  pmduceil  by  |)asNage  through  a  vacci- 
nated animal;  on  tbe  contrary,  it  is  Frequently  to  be  noted  under 
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tbe6C  conclitiona  that  aa  increase  in  virulence  occurs,  due  apparently 
to  eelectioD  by  the  phagocytes,*  Bacteria  that  develop  in  t  he  lii^sues 
of  refractory  animals  have  little  attraction  for  leucocytes,  which  is 
the  proof  of  their  pathogenic  power.  The  experiments  of  Charrin 
and  Roger  on  the  attenuation  of  Bacillus  pyocyaneus  are  too  open 
to  criticism  to  furnish  any  reasonable  data  for  the  doctrines  of  an 
attpntuation  hy  body  fluids. 

Since  the  intervention  of  phagocytes  is  regularly  ohser\'ed  in 
animaia  that  (K'fend  thcniselve.s  against  invathng  organisms,  the 
ph.igocytic  theory  is  fully  caimble  of  explaining  the  problem  of 
immunity.  But  although  the  fact  that  phagocytes  are  the  usual 
factors  in  immunity  is  undeniablp,  their  importance  in  certain 
siiecial  case?*  may  be  limited.  These  limitations  Lave  Ijeen  found 
pariieularly  in  iuFi^ctions  tausftl  by  organisms  Ijelonging  to  the 
grotip  of  vibrios;  ami  it  ia  parlicnlariy  in  regard  to  the  cholera 
vibrio  thai  the  discussinn  between  the  phagocytic  doctrine  and  the 
"humoral"  theory  has  grown  very  active.  There  is,  in  fact^  in 
these  special  csi*;*'**  an  evident  corrclnlion  between  the  appearance 
of  a  baetericidal  power  in  serum  and  the  beginning  of  the  rt'fractory 
condition.  This  destructive  property,  though  very  sUght  in  nonnal 
animals,  becomes  very  markcfl  in  vaecinatal  aninmls,  and  if  it 
should  be  shown  in  such  animals  that  the  Jestnictive  properties 
of  tbe  serum  are  present  during  life,  the  intervention  of  phagocytes 
would  no  longer  appear  necessary  in  dissipating  the  infection;  this 
pointj  howeverj  is  one  that  has  never  been  demonstrated.  The 
researches  of  various  obsenvrs,  and  particularly  of  MetcbnikofT, 
tend  to  convince  us  that  the  tissue  fluids  possesa  during  life  no 
bactericidal  property  comparable  to  that  shown  by  the  serum  in 
\'itro.t 

One  of  the  principal  objects  of  the  present  study  is  to  deter- 
mine whether  these  bactericidal  substances  arc  not  present  in  cella 
in  the  h%ing  body.  It  is  to  be  determined  whether  it  is  the  leuco- 
cytes particularly  that  eontdn  the  bactericidal  substance?^,  whetlier 
the  elaboration  of  these  substances  is  a  special  manifestation  of 
their  protective  activity,  and  whether  this  activity  is  brought  about 

'  S«  p-  l. 

t  B«  Metcbnikoff.  fimdca  but  I'lmtQUQu*.  4  e  memoiro.  .\au.  Je  I'lriHlitut 
Pasteur.  IS91. 
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by  an  ada.pUtioii  that  occurs  in  them  owing  to  vaccination.  If 
8uch  ivcre  the  origin  of  these  substances,  the  appearance  of  il  bac- 
t^rieiflal  jxiwcr  in  the  eerum  of  viccinateti  animals  would  be  indic- 
ative only  of  the  degree  of  perfection  which  phagocytosis  lias 
n'aclieiL 

Wliatever  may  be  the  rlegree  of  bactericidal  activity  in  animals 
vaccinated  ag^nst  cholera,  phagocytosis  can  no  longer  be  con- 
fiidere<l  as  a  plit*nomenon  of  secondary  importance  in  the  dcstruclion 
of  this  organism.*  It  will  l»e  found,  to  Ix?  sure,  as  Pfeiffer  t  has 
recently  shown,  that  vibrios  injected  into  the  peritoneal  cavity  of  a 
vaccinated  animal  (where  leucocytes  are  always  present)  may  be 
for  the  most  part  destroyed  by  the  flnid  without  having  been  taken 
up  by  phagocytes,  but  it  is  none  the  less  true  that  many  of  them 
are  taken  up  in  the  manner  that  Metchnikoff  has  demonstrated, 
Metchnikoff  injected  a  culture  of  cholera  into  the  peritoneal  cavity 
of  a  vaccinated  animal,  and  then  ^thdrcw  after  a  certain  time  a 
small  amount  of  exudate,  in  which  phagocytes  containing  vibrios 
arc  to  be  seen,  IF  the  exudate  is  placed  in  a  moist  chamber  at  body 
tompcraturcT  it  is  found  that  pbagocytoa  removed  in  this  manner 
from  the  animal  bofly,  and  subjected  to  unfavorable  conditions,  no 
longer  successfully  oppose  the  development  of  the  hving  organiama 
that  they  have  taken  up;  their  growth  goe-5  on  inside  the  cells, 
which  soon  become  veritable  ears  stuffed  with  vibrios  that  finally 
burst  and  let  the  organisms  escape  into  the  aurrounding  fluid. 

Pfei6fcr  iloes  not  coaiider  thc&e  facts  of  great  importance.  Let  vs 
take  his  point  of  view  for  a  moment  and  atimit  that  the  phenomena 
ot  phagocytosis  have  only  a  secondary  function  and  that  the 
destruction  of  the  vibrio  ic  the  vaccinated  animal  is  due  primarily  to 
the  activity  of  the  Ixxly  fluiils  apart  from  cellular  activity ;  it  would 
be  reasonable  to  concluile,  then,  that  this  humoral  actinn  would  occur 
with  greater  intensity  in  those  parta  of  the  body  moat  richly  endowed 
with  bacterinidal  suljstanees  irn*s[:ective  of  the  presence  of  phago- 
cytes. If  the  blooil  of  a  rabbit  or  guinea-pig  immumxetl  against 
cholera  contains  more  of  the  destructive  substances  than  the  peri- 
toneal exudate,  it  is  reasonaltle  to  concluile  that  it  is  in  the  blood 

*  See  Cimtocu^nc,  Ilccb&rchcflaur  tomododci^£stTUctJoadu  vJbrloacLcl&'ique 
dBi»  rorgBniffme,  LS[VI, 

t  PfeiHcTf  ZeitBchrift  filr  Hygiene,  1804.  XVITI,  p.  1. 
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that  the  least  phagoc^ytcsis  takes  plart-  am]  (hat  here  especrally 
the  vibrio  will  be  killwi  and  ilLsapfjear  entirely,  apart  from  any 
intervention  of  the  ceUular  protoplasm. 

It  may  indeed  be  shown  tliat  the  serum  of  a  rabbit  vaccinated 
agdiist  cholera  is  more  baetericida!  than  its  peritoneal  exudate. 

Before  coiLsiilering  the  experimenta  that  we  have  performed  on 
this  BubJGClj  it  might  be  well  to  recall  briefly  the  method  of  deter- 
mining the  relative  l-iacterieidal  power  of  body  fluids  and  iho  means 
of  ascertflining  which  of  two  fluid?^  — or  of  i^'o  sera,  to  be  exact  — 
is  the  more  destructive  for  a  gjven  mit'ro-organism. 

Small  carefully  measured  amounts  of  the  Huids  to  be  compared 
(1  c.c.  for  example)  are  played  in  separate  test  tubes.  The  prowth 
of  the  organism,  which,  let  u&  say,  is  a  culture  of  cholera  on  agar,  is 
©U0pcndo<l  in  a  few  cubic  centimeters  of  salt  solution  (0.6  per  cent] 
or  of  bouillon.  The  fir^l  of  the  sera  is  inoculate  with  a  platimmi 
loop  of  this  culture  dilution.  The  loop  is  agilated  in  the  flui<l  with 
extreme  precaution  to  distribute  uniformly  all  the  bacteria  intro- 
duced; this  serum  ha^  then  become  a  homogeneous  medium  con* 
taiuing  the  organisms.  A  small  amount  of  this  inoculatcil  scrum 
is  then  carefully  withdrawn  by  means  of  the  loop  and  carried  over 
into  a  tube  containing  fluid  gelatin  at  body  temperature.  The 
gelatin  is  then  j^haken  to  scatter  the  inoculated  organisms,  and 
poured  into  a  Petri  dish-     (First  tuHurc.) 

The  number  of  colonies  that  develop  indicates  relatively  exactly 
the  Dumber  of  bacteria  contained  in  a  loop  of  the  inoculated  serum. 
Since  the  operation  has  been  carried  out  rapidly,  themicro-orgaui.'^ms 
carrieil  over  to  the  gelatin  have  been  in  contact  with  the  serum  for 
a  short  time  only,  and  wbalever  Ijactcricivlal  jjower  the  serum  may 
possess  has  not  had  sufficient  time  to  affect  them.  After  a  eertain 
time  the  same  amount  oF  Rerurn,  mea-^ure<l  accurately  by  means  of 
the eame  loop,  is  again  withdrawn.  A  second  gelatin  platfis  intx?u- 
lated.  (Second  culture,)  If  the  serum  is  bactericidal,  this  second 
plate  should  contain  ^ther  less  colonies  than  ihe  firsts  or  perhaps 
none  at  all.  If  we  repeat  successively  at  Intervals  the  same 
procedure,  we  shall  have  gelatin  plates  that  will  give  us  an  indi- 
cation of  the  number  of  micro-organisms  remaining  alive  in  the 
eerum. 

If  the  same  set  of  manoeuvres  is  performed  in  at  identical  manner 
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at  Ibc  eame  time  with  two  more  or  ](ss  complotcly  bactGricidal 
liquide,  a  comparison  may  be  drawn  as  to  their  bactericidal  value 
according  to  the  oumber  of  colonies  that  grow  on  the  reepective 
platce-  It  h  obvious  that  the  same  emulsion  of  organisms  ia  iiaed 
for  each  aeries  of  tubes,  and  the  same  platinum  loop  is  used  so  as  to 
render  the  quantities  of  liquids  strictly  comparable.  A  table  may 
be  made  indicating  the  number  of  cotoniea  which  have  develoi>cd 
on  each  plate  and  the  time  after  inoculation  at  which  the  trans- 
plantations were  made.  With  this  explanation  we  offer  the  protocol 
of  an  experiment  made  for  the  purpose  of  comparing  the  bactericidal 
properties  of  the  blood  and  of  the  peritoneal  exudate  from  an  animal 
vaccinateil  against  cholera. 

ExPEniME>T  2.  A  rabbit  weighing  1720  grams  had  been  weQ 
vaccinated  Hgain.-st  the  vibrio  of  Mas.^aouah;  two  weeks  after  the 
last  injection  a  small  amount  of  blood  was  drawn,  from  which  was 
obtained  serum  1;  two  sjx>nges  previously  washed  aud  boiletl  in 
water,  sterilizwi.  and  dried  (June  H,  1S94),  were  then  placed  in  the 
peritoneal  cavity.  Tiipy  were  removeil  the  next  day  and  fijuml 
to  be  ftllecl  with  fluid  that  was  s^jueeacd  into  two  sterile  v^sels. 
(E^cuilates  I  antl  II.)  The  leucocytes  in  this  fiuid  were  infrequent 
(about  500  to  the  r.  mm.)  ami  rjuite  a  numljer  of  tlie:o  Aiiheri-ii  to 
the  sponge,  A  second  specimen  of  blood  was  then  taken  {scrum  II) 
which  was  found  to  contain  8200  leucocytes.  One  cubic  centimeter 
of  each  of  the  samples  of  senmi  and  of  the  peritoneal  exudates  was 
placefl  in  a  lube  and  their  respective  bactericidal  powers  against  the 
vibrio  of  Massaouah  detenuined  by  the  plate  method.  Since  it  h&l 
already  been  determined  that  the  serum  was  rather  strongly  bac- 
tericitlal,  a  relatively  krge  amount  of  this  culture  was  plantoil  each 
time  [B,  loop  of  a  vigorous  agar  culture,  24  hours  old,  suspended  in 
5  c.c,  of  salt  solution  of  0,0  per  cent).  The  following  plates  were 
made  at  intervals  indicated  in  the  table: 

NUMBER  OF  COLONIES. 


Tjtne  of  run  UFA. 

Seruiu  1. 

Shuid  [1 

Periloneiil  Eiu- 

It.    JuDc  15,  1SB4,  7        VM- 

m.  Juae le, nu.9mA.ta. 

25.200 
0 
0 

23,400 
0 

24^000 
35 
iDDumcrabfc 

22,£O0 
20 
Innumcriiblo 
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The  fluid  portion  of  the  blood  contains,  then,  more  bactericidal 
substance  than  an  equal  amount  of  the  jxritoneal  cxuilate.  Be- 
aide?  this,  the  total  volume  of  bloocl  is  far  greater  tlian  that  of  the 
peritoneal  fluid  and  conRequently  contains  very  much  more  of  this 
dettructivo  substance.  Vibrios  introtlucc<l  directly  into  the  circu- 
lation and  disseminated,  arc  therefore  exposed  to  the  maximum 
bactericidal  action.  If  the  phagocyte*  are  not  indUpcntable  agentg 
in  the  destruction  of  the  vibrio  inoculated  into  the  peritoneum 
they  must  be  Ptill  less  important  factors  in  Iho  destruction  of 
organisms  injected  into  the  circulation,  Pliapopytoeie,  however, 
under  these  latter  conditions  occurs  energetically  and  rapidly. 

ExPKRiMENT  :j.  (a)  A  guinea-pig  weighing  420  grams  had  been 
well  vaccinated  against  the  true  cholera  vibrio  {a  culture  labelled 
Ka^tern  Prussia).  One-lhird  of  a  J-l-hour  agar  citlture  of  this 
orgauiani  suspended  in  0.6  per  cent  salt  solution  was  injectctl  into 
the  jugular  vein.  At  intervals  a  drop  of  blood  was  taken  either 
From  the  paw  or  from  the  ear  and  spread  on  slides.  After  a  quar- 
ter of  an  hour  the  animal  was  killeil  and  i^reparations  were  made 
from  the  liver,  spleen  and  heart's  bloi-d.  The  jjieparatioits  were 
fixed  by  i^  per  cent  carbolic  acid  fiolulion  instead  of  heat,  and 
stained  by  Ehrlich's  method  (eosin  and  methylene  blue). 

Preparations  of  IjIixxI  taken  at  4,  5,  9  and  V-l  tnlnutes  after  injec- 
tion show  phagocytes  containing  vibrios-  These  phagocytes  are 
particularly  numerous  in  speeimeiis  taken  very  soon  (4  or  5  minutes); 
one  can  see  well  stjiintil  and  j>erfcctiy  intact  vibrios  wilhio  the 
protoplasm.  In  the  specimens  taken  9  to  13  minutes  after  injec- 
tions, and  particularly  in  the  smears  from  the  liver  and  kidneys, 
the  phagocytes  contain,  in  ad<iiti(jn  to  tin*  normal  vibrios,  incom- 
pletely or  irregularly  stained  organisms  showing  definite  granuJes. 
A  culture  from  the  heart's  blood  on  agar  gave  a  few  colonies- 
Cultures  from  the  liver  and  kidney  contained  a  great  many  more 
colonies. 

(6)  Awellvaccinatwl  guinea-pig  of530  grams  weight  (V.  cholera*, 
Ea-stcm  Prussia]  was  given  a  thirtl  of  a  culture  into  the  jugular. 
The  animal  was  killed  one  half  hour  after  injection;  the  number  of 
leucocytes  had  fallen  from  10,500  to  SOOO.  Phagocytosis  is  evitlent 
in  blood  drawn  5,  8,  and  12  minutes  after  injection.  Many  poly- 
nuclcarg  in  smears  from  the  spleen  and  lung.    The  leucocytes  of  the 
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tfleai  contain  irregular  vihrios  which  are  stained  in  plac^,  and  of  it 
icddtsh  or  violet  linge;  this  evitlcncea  the  themieai  alteralioa'^  that 
ibcsc  vibrioa  have  undergone.  In  the  heart's  blood  half  an  hour 
after  injection  there  are  a  few  phagoeytes  containing  intact  and 
well  colored  vibrios,  A  culture  from  the  heart  on  agar  showed  a 
few  colonies;  cultures  from  the  liver  and  capecially  from  the  spleen 
were  rich  in  organisms. 

(c)  A  half  culture  injected  intothc  jugularof  an  immunized  guinea- 
pig  (480  gramsj.  The  dt^c  was  &o  large  that  the  animal  died  in 
4  minut*^  with  symptoma  of  asphyxia.  It  ia  well  shown,  however, 
in  preparations  from  the  blood  taken  at  death  that  phagocytosis 
was  already  present. 

When  the  number  of  bacteria  injected  into  the  circulation  ia  not 
too  large  the  blooi^l  soon  becomes  sterile,  but  the  organs  still  contain 
Ihing  vibrioa  that  grow  well  on  agar^*  The  number  of  leucocytes 
in  the  hlooil  is  decreasctl  during  this  same  periixl.  Tlie  phenomena 
folUndng  injection  of  cholera  vibrios  inio  the  circuicHon  are  tpiiie 
similar,  t}\£n,  to  those  obtained  under  fhe  same  conditionji  uilk  iifher 
pathogenic  jnicro-orgamsms:  the  infecling  onjanistns  are  taken  up  try 
the  phfigocyies  and  carried  by  them  to  the  internal  organ&t  '^t^here  they 
mJiltiplif.  Immunity  against  cholera  is  dependent,  thenj  on  the 
same  meeiiam?;m  a?^  immunity  against  other  iufections. 

Phagocytic  activity  is  apparently  not  easily  inhibited,  since  the 
a<.'CumuhUion  of  the  organism  in  the  internal  organs  and  the  dis- 
appearance of  leucocytes  from  the  blootl  may  be  noted  even  in 
chloroformed  animals.  Chloroform  ane^the*.ia  then,  sufficient  to 
deaden  the  nervous  centers,  has  no  effect  on  the  activity  of  phag- 
ocytes. 

Experiment  4,  Vaccinated  guinea-pig  '*A/'  weight  400  grams; 
the  animal  was  well  anesthetized,  bo  that  all  reflexes  were  lost. 
Five  minutes  later  one-sixth  of  a  culture  of  the  vibrio  from  Eastern 
Prussia  was  injectetl  into  the  jugular.  The  anesthetic  was  con- 
tinued: llie  animal  die<l  after  20  minutes,  as  too  much  chloroform 
was  given.  The  leucocyte  count  had  fallen  from  13»U00  to  4300, 
The  heart's  blootl  was  sterile,  whereaa  the  extract  from  liver,  spleen 
and  lun^  gave  positive  cultur*^. 

*  Yibtioa  that  have  b^n  jn  cr>atu*t  with  tiBJ^ierieidal  sub«tartcce  fivquoitly 
Fftil  to  grow  in  gelatia,  olthongli  they  still  gow  ic  ntgor. 
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A  eoatrol  guinea-pig  "B/'  weighing  400  grams,  had  been  vaeci- 
naletl  in  the  same  manner  as  ''A,"  One-^ixth  of  a  culture  waa 
l^vea  this  animal  without  phloroform.  In  20  minutes  the  leucocyte 
count  ha^J  fallen  from  9500  to  5000.  At  thb  time  the  blood  was 
sterile;  liver,  lupg  and  spleen  gave  positive  cultures. 


II.  Leccocttes  and  the  Bactekicidal  Power  of  Seucm. 

Phagocytosis  ia  not  of  secondary  importance  in  the  meehanism 
of  clK'U'm  immunity.  Leucocytes  take  up  vihdos  which  sticn  .show 
altcralions  in  form  and  reaction  to  dyes  withhi  the  pro[o|*lasm, 
which  indicates  that  they  have  heen  affectetl  by  some  liarmful 
substance-  Is  it  not  possible  that  the  bactericidal  suljstanee  in 
serum  comes  from  the  leucocytes?  Metchnikoff  has  already  offered 
the  suggestion  (ISS7)  that  the  bactericidal  substance.s  of  serum 
might  be  of  leucocytie  origin.  In  1899  he  wrote:*  "I  might  add 
that  those  who  have  asserted  that  the  action  of  serum  against 
bacteria  is  independent  of  leucoeytes  have  not  taken  into  considera- 
tion those  substances  liberated  in  the  serum  a«  the  result  of  the 
destruction  of  leucocytes.  It  has  been  repeattxlly  noticed  that 
these  cells  when  removei!  fmm  their  nnrmal  surrtiuiiding>^  break 
up  and  liberate  their  contents  into  the  surrounding  fluid,"  Hankint 
and  an  English  experimenter,  Kanthaek,  Liter  attributed  to 
the  eoslnophiles  the  secretion  of  bacterioidal  substance*^.  Accord- 
ing to  this  conception  these  latter  cells  may  be  broken  up  in  the 
biood  stream  and  ao  affect  the  micro-organisms  that  have  entered 
the  body.  Baeteria,  killed  or  attenuated  by  contact  with  these 
eubfitancee,  might  later  on  be  taken  up  by  phagocytes.  According 
to  this  conception  aleo  it  is  the  phagocytes  which  form  the  bacteri- 
cidal Rubstances.  The  engulfing  of  bacteria  by  living  cells  instead 
of  being  a  phenomenon  essential  to  the  defense  of  the  organism 
would  he  rather  an  accessory  phenomenon  subsequent  to  the 
destruction  of  the  bacteria  by  bactericidal  eubstances  dissolved  in 
the  plasma. 

*  Annalei  tie  I'ltiBlitTit  PastflUT.  December,  1SS9. 

t  Hnnkia,  Vebor  don  Urspruog  und  Vorkommea  voti  ALeKiacn  im  OrfraniBmiui 
(CeiilralblaU  Fur  B[iktcriuli.j;ie<  12,  Noa.  22  el  23.  December  \^^2)-.  Uebcr  die 
Tiieorie  der  Alescocyt^n  (Central I jiail  fijr  BaklcrioJogie,  14,  No.  25,  Dtfember, 
1803). 
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Hankin's  theory,  although  resembling  Uie  baetpricJdal  thecin- of 
body  fluids,  is  not  upen  lo  tLe  objectHions  that  may  Ije  ulTcred  to  the 
l&tter. 

The  two  essential  points  in  these  doctrines  are  the  following: 
1,  Tljero  f*  a  baetericidal  substance  !a  solution  in  the  botly  fluids, 
and  baeteria  are  taken  up  by  the  phagocytes  only  after  having  been 
siihjected  to  tbe  influence  of  this  substance,  Bui,  far  From  being 
subsequent  tu  a  pa^paring  action  on  the  part  of  the  bacterieirlal 
substance,  phagocytosis  lakes  place  with  surprising  mpidity;  it 
begins,  indeed,  immeclialely  after  inoculation  of  tbc  orgauisms.  In 
tbe  case  of  cholera  particularly  we  have  just  seen  tbat  shortly  after 
the  intravenous  injection  of  cholera  vibrios  a  nuiiibor  of  them  are 
found  inside  of  phagocytes.  And,  what  is  more,  it  has  frequently 
been  prove*]  by  MetchnikoiT  that  cells  can  take  up  living  bacteria, 

2.  Bactcricida!  i^ubstancea  are  elaborated  by  cosinophihc  Icuco- 
cytes.  It  ia  known,  however,  that  these  cells  arc  of  no  great  impor- 
tance in  defense  of  the  organism.  Ph^ocytoais  and  the  dcatruation 
of  bacteria,  moreover,  goes  on  very  well  in  invertebrates,  although 
the}"  have  no  cosinophiles.  As  we  shall  see  later  on  in  our  experi- 
ments on  "phagocytosis  in  vitro/'  variou?<  bacteria  when  mixed 
with  an  exudate  rich  in  phagocytes^  but  containing  no  true  eosino- 
philce,  are  rapidly  taken  up  and  modified  in  their  form  and  staining 
reaction- 

Dcnys  *  and  his  pupils  think  that  leucocytes  play  an  important 
part  in  the  elaboration  of  bactericidal  suKstanccs;  and  they  en- 
deavor to  reconcile  the  phagocytic  and  tbe  humoral  theories, 
Buchnert  b  inclined  to  admit  that  leucocytes  are  of  great  impor- 
tance in  the  formation  of  bactericidal  substances. 

There  are  two  phases  to  the  problem;  first:  do  tbe  leucocytes 
form  the  bactericidal  aubatances  found  in  serum?  And,  seconilly: 
if  the  leucocytes  really  form  these  bactericidal  substances,  do  they 
retain  them  during  hfe  or  do  they  excrete  them  into  the  surrounding 
plasma? 

It  is  perfectly  evident  that  in  onler  to  draw  conelusions  from 
experimcnLs  which  are  of  any  value  to  our  knowlwlge  of  immunity, 
we  must  study  the  bactericidal  property  in  its  siuipleit  aspects  and 

•  LaCcItuIc.  lS93ct  1894. 

f  Duchutr,  MtiDchener  meJicimficbe  Wocbeascbrift,  1391. 
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when  it  bears  some  definite  relation  to  a  condition  of  resistance.  It 
often  happens,  as  we  koow,  that  the  ^erum  of  an  animal  is  bacteri- 
cidal for  a  given  micro-organism,  although  the  aniniEl  itself  is  quite 
suf^ceptible  to  infeetioti  by  that  vcr>-  organism.  For  example, 
rabbit  scrum  is  bactericidal  for  the  anthrax  bacillus,  although  the 
rabbit  is  highly  susceptible  to  this  bacterium  * 

This  is  simply  an  example  of  the  spontaneous  bactericidal  power 
found  in  nornial  animals-  it^  significance  from  the  standpoint  of 
immunity  is  not  clearly  established,  and  its  importance  ia  doubtless 
exaggerated. 

W'c  shall  consider  then,  more  particularly  the  strong  bacteri- 
cidal property  in  animals  immunized  against  certain  infections^ 
for  example,  agwnst  cholera.  The  bactericidal  property  of  the 
acnim  oF  normal  animals  against  the  cholera  vibrio  is  insignifieant. 
Following  vaccination  the  bactericidal  property  becomes  very 
distinct.  Since  it  is  very  evident  during  the  stage  when  the 
animal  is  insusceptible  to  infection,  its  relation  to  immunity, is 
unmistakable. 

*  The  aqueoue  humor  of  the  ntbbit  is  bftct«ricidaL  for  uithnjc.  This  fluid 
contains  few  or  no  leucocylca;  and  it  would  stxm,  therefore,  difficult  to  attribute 
tJie  bactericidal  properl>  to  cdls.  Bui  ilia  iu  be  Deled  ttiu.t  bacLerlolyaia  occurs 
in  this  LD&tnuee  in  a  highly  BUscepttble  animal,  end  obviously,  therefore,  benra  no 
relation  to  a  condition  of  rcaialance-  It  diffcrSj  olao  essentially,  from  the  bacte- 
riolysis (but  Dcrura  JEi  eertuia  inatancpH  of  ioitULiuityH  ilh  iIip  pmpiiriy  iu  iiils  ior 
Btancc  reaEsIs  hea.tiag,  to  60  di^grees  for  an  hour.  Tho  ba^tcri^idcl  property  vould 
s^m  to  be  moro  like  that  ahuwn  by  auch  liquids  as  bouilloD. 

It  is  eviJcnt  fnjra  the  ftjllowing  Lablp  tha.t  the  fti|ui^U9bumnr  of  the  rabbit 
even  after  liealitig  for  an  hour  to  G0°  C  ie  quitt*  bactericidal  for  B.  anthmcia. 

ExrEniiiEN-r  4,  Aquoous  humor  was  t^ken  from  a  mbbit,  Fartof  it  w*a 
heaicd  ttj  lV)  det-reea  for  mi  hour,  aiid  the  rest  wan  aol  heaUnl.  EijUiU  aiiio[inL<< 
of  oiuih  fluid  were  placed  in  ti]be§.  A  culture  of  nou-apore-ronnirig  anllinix 
bacilli,  24  hours  old.  waa  auspendnl  in  O.G  per  cctit  NaCl  solution  and  planted  in 
th«i«  luhtb.     Gel£LlJa  p\a.tes  ncre  made  aL  itiiervaU, 

NtTHBEB   aV   CCLOVIEB 


Time  oroiIlurFSr 
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Our  eiperinienla  have  been  carried  out  largely  wilb  two  cholera 
vibrios:  the  vibrio  of  MatLsaouah,  isolated  by  Pasquale,  auil  the 
vibrio  from  Eastern  Prussia.  We  shall  not  consider  here  whether 
or  Dot  the  vibrio  of  Maasaouah  is  of  the  same  variety  as  the  typical 
Koch  vibrio.  The  researches  of  Pfeiffer  would  indicate  that  there 
arc  characteristic  differences  between  cholera  vibrios  froTn  different 
sources^  which  would  lead  us  to  think  th&t  ihey  do  not  all  belong  to 
the  same  strain  of  bacteria.  It  would  appear  tliat  there  are  several 
varieties  of  cholera  vibrios  and  that  one  of  these  varieties  which  19 
widely  distributed  and  is  of  great  importance  is  represenieii  by 
Kocb't^  vibrio.  This  organism,  accorchng  to  Pasquale,  is  the  sole 
cause  of  epidemics.  However  that  may  be,  aninialB  immunized 
Bgaini:t  the  vibrio  of  Massaouah  have  energetic  specific  pre- 
ventive and  bactericidal  properties  in  their  sera  and  therefore 
fultill  the  comlitions  we  desire.  Wliat  Is  more»  this  vibrio  haa  the 
aiivantage  of  being  highly  virulent  and  rohitively  constant  in  its 
pathogcuicityp 

We  have  tried  to  ctTcct  a  separation  between  the  blood  fluid  and 
the  blood  cells  in  an  ammal  vaccinated  against  cholera.  For  Itiia 
purpose  it  was  necessary  to  obtain  a  more  or  less  cell-free  plasma, 
and  we  succeeded  in  doing  this  by  causing  an  edema  of  the  leg  or 
ear  by  venous  compreflwon.  The  alcma  fluid  represents  blood 
plasma  filtereil  under  pressure  and  almost  completely  deprived  of 
oellfl.  The  walla  of  blood  vessels  arc  not  sufficiently  impermeable 
to  hold  back  all  the  cells,  and  the  fluid  obtained  in  this  manner  con- 
tains a  few  red  blood  celb  and  very  infrequent  leucocytes.  A  com- 
parison may  be  made  between  fluid  obtained  in  this  manner  and 
the  senmi  of  the  same  animal  as  regards  their  respective  bactericidal 
jxiwers.  The  serum  is  ohtaiiieii  by  stxmtaneous  coagulation  of  the 
whole  I)Kkk1  rontaining  many  cells.  If  during  life  bactericidal 
substances  remain  within  the  cells  and  appear  in  the  blfKwl  fluid 
only  flftt^r  nnnova,]  from  the  botly  and  coagulation,  a  diNlitict  dif- 
ference should  appear  l)e(ween  these  two  fJuid?J- 

ExPKRiMENT  5,  A  rabbit  weighing  1790  grams  was  vaccinated 
against  the  V%riu  Mas^sHc ^Ufth.  Tfie  serurn  of  Ihi?^  rabbit  was  tested 
for  l>aclericidal  and  preventive  prfjpf^rtics  and  found  to  be  markedly 
bactericidal.    One-fifth  of  a  cubic  centimeter  moreover  protected 
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against  t^  of  a  24-hoiir  culture^  a  fatal  dose,  and  even  figAinst  tV  of  a 
culture. 

A  few  days  later  an  edema  was  produce*!  in  this  rabbit  by  coti- 
stricting;  the  root  of  the  ear  with  a  rubber  rin^  {etlcnia  fluid  '*A"). 

One  of  the  fore  Icps  received  the  same  treatment^  and,  on  tapping, 
a  clear  liquid,  e<lema  fluid  "B/'  was  obtaioed,  which  was  slightly 
pinkish  but  oontfiine<l  very  few  Icueueytes  (one  to  two  hundred  per 
cubic  mm.).  A  few  cubic  centimeters  of  blood  were  then  taken  and 
found  to  contain  3600  leucocytet:.  The  serum  of  a  normal  rabbit 
was  used  as  a  control.  One  cubic  centimot*^r  of  each  of  thei^e  fluids 
was  put  in  a  separate  tube,  A  platinum  loop  from  a  i!4-hour 
culture  of  the  organiem  suspcndctl  in  5  c.c.  of  aaJt  solution  waa 
placed  in  each  tube, 

EXPEEIMENT  WITH  EDEMA    'A"   (FROM    EAR). 
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The  day  followinf^  inoculation  the  tubes  conlaininp:  ntjrmal  rabbit 
serum  and  edema  fluid  were  bclh  cloudy  and  fillefl  with  vibrios; 
the  scrum  of  the  vaccinated  rabbit  was  perfectly  clear.  Two  days 
later  a  culture  made  on  agar  from  this  serum  ^howwl  that  it  had 
remained  sterile.  The  difference  in  b^trriciilal  power  between 
the  edema  and  the  aermn  of  the  vaccinated  animal  b  therefore 
e%'identp 
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AUbnugh  the  rliolera  vibrio  grpw  well  hi  the  nlenift  fluid,  this  fiuid 
showei.!,  (Uiriiig  ihe  fii>;t  fi^w  hours,  a  very  distinctivo  baL^ttrit'idal 
property,  althougb  less  than  that  of  aeruio.  The  uomial  t^yrum  also 
posse&«ed  ft  certain  bactericidal  properly.  It  is  to  be  noted  that 
the  gelatin  plate  matle  three  or  fcmr  hours  after  inoculaiion  from 
the  edema  fiuid  was  stenle.  It  is  evident,  however,  that  not  all  the 
organisms  in  this  fluid  were  killedj  since  the  cultures  nia^-le  or  the 
following  day  showed  numerous  colonies.  It  should  bo  remarked 
in  this  connection  that  gelatin  is  not  a  vcr>'  favorable  malium  on 
which  to  grow  the  cholera  \-ibrio.  Vibrios  that  are  slightly  weakened 
but  arc  still  alive  may  fail  to  grow  on  gelatin  when  they  grow  very 
well  on  a^ar.  We  have  often  noted  this  fact,  and  a  growth  on  agar, 
then,  must  be  coa^idered  the  necessary  criterion  of  the  sterility  of  a 
sample  of  inoeulatod  aenim_ 

Experiment  ti.  A  rubber  ring  was  placed  about  the  fore  leg  of 
a  guinea-pig  vaccinated  by  sterilized  and  U^-in^  cultures  of  the 
cholera  vibrio  from  Eastern  Prussia.  An  eileraa  was  formed  which 
wa3  withdrawn  and  Found  to  be  slightly  rcildish  in  color  and  to 
contain  a  few  leucocytes,  A  specimen  of  blood  woa  taken  contain- 
ing 11,(XH)  leucocytes  per  cubic  centimeter  The  scrum  and  the 
©Icma  fluid  were  inoculated  with  a  24-hour  culture  of  the  vibrio 
(Oriental  Prussia), 
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The  Klenia  fluid  was  eloudy  the  nest  day,  and  under  the  niieru- 
scope  an  eoomiouw  number  of  vibrios  were  found  in  it;  the  serum 
was  clear  and  contained  no  bacteria.  The  edema  fluid^  however, 
had  sufficient  activity  to  weaken  the  vibrios  during  the  first  few 
hours  and  to  prevent  growth  on  gelatin.  The  serum  gave  no 
growth  on  agar. 

The  production  of  edema  is  the  best  means  of  separating  the  cells 
from  the  blood  plasma,  but  there  is  another  method  which  may  be 
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used  to  Study  the  effect  of  a  variation  in  leueoeytea  on  the  bacteri- 
titJal  property  of  the  blood.  This  methai  consists  in  artifieially 
lowering  the  number  of  leucocytes  in  the  circulating  blood  and 
t&^lin^  the  bactericidal  property  of  the  bloof!  before  and  after 

The  most  efficient  method  of  lowering  the  number  of  Icucocylca 
is  to  inject  baeteria»  but  the  method  could  not  be  used  in  this  work, 
as  the  introduction  of  bacterial  substances  might  affect  the  bacteri- 
cidal property  of  the  blood  in  some  manner.  Instcati  of  bacteria, 
then,  an  emulsion  of  some  fine  inert  powder  such  as  carmin  must  be 
used.  It  bos  been  asserte<l  that  cooling  an  animal  in  Wfiter  brings 
about  a  fall  in  the  number  of  leucocytes,  but  we  have  had  no  success 
with  this  racthofl.  The  injection  of  camiin  generally  produces  a 
rapid  hypo  leu  cocytoaia.  In  certain  cases,  however,  the  fall  in 
white  corpusclca  docs  not  follow.  It  is  probable  that  the  taking 
up  of  grains  of  carmia  by  phagocytes  depends  on  the  tactile 
reaction  of  these  cells.  lb  is  important  to  determine  that  the 
fluid  ia  which  the  carmin  L*^  suspended  has  no  positive  chemio- 
taelic  influence  on  teucocytea,  aa  shown  by  a.n  tsxperimpnt  with 
capillary  tuttes. 

Experiment  7-  A  guinea-pig  weighing  35.J  grams  hail  been 
vttoi^inati.Tl  agaiast  the  vibrio  of  Massaijuali,  A  small  amount  of 
blood  was  taken  from  the  animal  and  found  to  contain  ll.OfXI 
leucocytes.  One-Lenth  of  a  cubic  eentimpter  of  a  rather  thick 
emulsion  of  carmin  in  salt  solution  {50  centigrams  of  carmin  to  10 
c,c.  of  fluid)  was  slowly  injectwl  into  the  jugular  vein.  Two  hours 
later  the  leucouyle  count  hail  Fallen  to  3000.  Another  small 
amount  of  blooti  was  taken.  One  cubic  centimeter  of  serum  from 
each  blood  specimen  was  then  placed  in  a  hibc  and  inoculated 
wiih  a  2'i-hour  culture  of  Massaouah  (1  luup  of  a  culture  suspended 
in  10  c.c.  of  nonnal  ealt  solution). 
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Frequontly,  as  already  mentioned ^  the  injeetifin  of  carmin,  oven 
though  r(?pcale<l,  gives  no  evident  hypoleucocyto^^is.  Under  these 
conditions  there  is  no  difference  in  the  bactericidal  property  of  the 
blood  before  8.n*.\  after  injection.  Cartnin  itself  haa  no  ciTect  on  the 
bactericidal  eubstoncesj  G£  may  be  shown  by  a<lding  it  to  serum. 

The  injection  into  normal  animaLj  of  a  rather  lar^e  quantity  of 
scrum  from  an  unvacdnatcd  animal  brings  about  a  distinct  in- 
crease in  the  bactericidal  property  of  the  serum  of  the  animal.  The 
increased  bactericidal  property  under  these  conditions,  however,  13 
not  to  be  compared  ^ith  that  cauanJ  by  injecting  the  serum  of  vacci- 
nated animals  and,  moreover  Is  not  specific.  The  effect  of  injecting 
normal  scrum  is  to  increase  slightly  the  normal  bactericidal  property 
which  is  to  be  found  in  non-immunised  animals,  and  this  property 
is  by  no  means  s|"ieeific.  We  have  trieil  tii  iletermjrif  whether  the 
baelerieidal  properly  following  these  injeetionri  Ls  more  evident  in 
a  fluid  rich  in  leueorytcs  than  in  one  containing  only  a  few. 

Experiment  8.  A  small  amount  of  blood  wa.s  drawn  from  a 
guinea-pig  (leucocytes,  SOOO).  From  this  blorxl  was  obtained 
serum  '*A";  the  same  guinea-pig  received,  in  the  peritoneal  cavity, 
3  c.c-  of  serum  from  another  nonnal  guinea-pig.  On  the  following 
day  a  rubber  ring  was  placed  about  the  paw  of  this  animal.  Three 
hours  later  the  edema  was  remuvetl  and  a  sfnall  amount  of  blood 
was  also  taken,  TMs  bloal  eontaincil  0000  leucocytes  and  the 
serum  from  it  wa.^*  labellefl  ?^ernrn  "B/*  Etinal  anioimls  of  these 
fluid;*  were  then  inoculated  with  a  24-hour  culture  of  cholera 
(Oriental  PnisKia). 
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The  edema  fluid  remove*!  at  practically  the  same  time  as  the 
blood  that  formed  serum  *'B"  may  be  properly  compared  with  thia 
Ecruni-  After  4i  hours  at  body  temperature  there  was  no  increase 
ini'ibriosiiieenim'^A^';  there  wasavery  marked  decrease  in  serum 
"Bt"  hut  in  the  tdcmafiuid  there  is  an  immediate  and  unrestricted 
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increaae  of  the  orgamams.  Preparations  fruni  tlie.se  fluiils  are  even 
more  striking  than  the  platen;  they  i^Imw  &  large  nunjber  of  or- 
ganisms in  the  eilema  fluid,  very  few  in  serum  "A,"  and  still 
fewer  in  fierum  "B.'*  IL  ia  also  to  \ye.  not^d  Lhat  the  colonies 
grew  more  raimlly  on  the  plat^  inoculated  with  etleiua  fluid  than 
on  the  other  plates, 

Tlie  increase  in  bactericidal  property  in  the  blood  following  the 
iajectioQ  of  normal  serum  would  appear  to  be  due  to  a  reaction  on 
the  part  of  the  leucocytes  and  not  to  an  increase  in  the  number  of 
cells  in  the  blood,  as  it  is  not  accompanied  by  a  hyperleueocytosis; 
on  the  contrary,  the  number  of  white  corpuscles  is  found  to  be 
slightly  decreased.  Another  similar  experiment  was  performed 
with  bouillon  in  place  of  normal  serum.  The  same  result  was 
obtained,  and  in  the  same  way  there  wai^  no  increase  in  leucocytes 
noted  in  the  blood  (SltK)  before  the  injection  and  7400,  24  hours 
after  injection). 

There  are  certain  undoubted  conclusions  that  may  be  drawn 
from  these  experiments.  If  the  nitmbcr  ofieucccytcs  in  Ute  blood  is 
diminished  during  life,  the  blood  is  found  to  be  (ess  bactGricidal.  The 
blood  plasma,  more  or  less  compidely  separated  from  ihc  cellular 
dementi  mihin  the  body,  has  lem  baelcricidal  property  than  the  whole 
blood.  The  separation  of  the  Huid  From  the  cellular  part  of  the 
blood  outside  the  body  by  coa^lation  doea  not  bring  about  the 
aamc  result.  The  serum  of  vaccinated  animals  although  deprived 
of  cells  b  energetically  bactericidal.  We  shall  take  occasion  to 
elaborate  these  rc'^ults  later.  It  seems  reasonable  to  admit  not 
only  that  bactericidal  substances  are  present  in  leucocytes,  but  that 
when  the  blood  has  been  remoye<l  from  the  body  the  white  cor- 
puscles soon  dischfirge  into  the  senim  those  bacterieiilal  siibstances 
wkidi  under  nornud  r^orulUiims  thq/  retain  within  tfieni^Ives.  This 
would  explain  why  the  bactericidal  property  of  boily  fluids  which 
is  so  marked  in  ^itro  is  mudi  less  evident  during  life.  This  latter 
fact  has  been  particularly  well  brought  out  by  MetchnikoFf,  and 
indeed  it  is  notorious  that  resulls  obtmned  in  vitro  do  not  always 
exaetly  indicate  what  grtes  en  within  the  animal  body.  Phagocytes 
have  an  efficient  and  rapid  means  of  destroying  the  bacteria  they 
have  taken  hold  of.  The  evidence  of  the  effect  of  phagocytic 
secretions  on  many  organisms,  particularly  on  cholera  vibriosj  is 
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well  shown  in  theJr  change  in  shape  and  reaction  to  dyes  within  the 
body  of  ibe  phagocyte.  We  shall  consider  in  the  following  se<^lion 
the  nature  of  these  changes  within  the  phagocyte.  There  is  a 
simple  technical  method  that  has  permitted  us  to  study  with 
accuracy  and  facility  a  good  number  of  bacteria  from  this  stand- 
point. 

111>  PHAGociToeifl  IN  Vitro.    The  Bacterictidal  Propertt 
OF  Pbagocytes. 

Phagocytosis  may  take  place  not  only  in  the  animal  body,  but 
also  in  \itro.  The  phcnomcoon  of  phagocytot^ia  occurs  rapidly  in  & 
mixture  of  an  exudate  rich  in  phagocytes  and  a  bacterial  emulsion, 
if  it  be  placed  in  a  moist  chamber  at  a  temperature  of  35  degrees. 

A  good  way  to  obtain  an  exudate  containing  a  large  number  of 
leucocytes  is  to  inject  a  few  cubic  centimeters  of  peptone  bouilloE 
into  the  peritoneal  cavity  of  an  animal.  For  example,  if  a  guinea- 
pig  is  given  3  c.c.  of  bouillon  into  the  peritoneal  cavity,  the  exudate 
on  the  following  day  is  found  to  contain  Ijirge  numbers  of  wliite 
corpuscles,  as  Jsaaeff  *  jHjintHl  out-  In  an  exudate  obtalneil  Jo  this 
manner  there  are  found  large  numlierw  of  polynuclear  atripliophiles, 
considerably  fewer  mononuclear  leucocytfs  anil  a  \ery  few  true 
eosinophiles  (that  Ls  to  say,  leucoeytts  with  large  round  eiJKiuophllic 
granules);  these  latter  are  in  such  small  numbers  that  they  are 
frequently  not  to  be  found  on  a  single  slide.  Tlie  exudate  rnay  be 
drawn  from  the  animal  by  puncturing  the  belly  wall  with  the  point 
of  a  finely  drawn  out  pipette.  As  soon  as  the  peritoneal  cavity  ia 
reached  the  exudate  rises  in  the  tube  to  considerable  height. 

A  drop  of  this  exudate  is  placed  on  a  cover  slip,  A  platinum 
loop  full  cf  the  culture  fluid,  in  which  the  organism  to  be  studied 
has  grown,  is  then  added  to  this  small  drop  and  mixed  with  it. 
The  cover  slip  is  then  placed  on  a  hollow  ground  slide  and  sealed 
with  vaseline-  After  incubation  for  a  wliile,  stained  preparations 
are  made  from  this  hanging  drop.  Preparations  stained  with  eosin 
and  then  methylene  blue  (Ehrhch)  are  veiy  satisfactoi^'.  The  ex- 
udate ie  spread  out  on  the  shde  and,  after  drj'in^,  is  fixed  either  by 
heat  (Ehrlich's  method)  or,  better  still,  by  a  5  per  cent  solution  of 
carbolic  acid  or  a  saturated  solution  of  pioric  acid.  The  latter 
•  IsBaefT,  Zcitpchrift  fur  Hjgi^QC,  I.  XVI,  1S94. 
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toelhod  is  particularly  to  bt  rcccmnicn*Jai  for  preporatmns  of 
exudatea  or  any  body  Kuklfl  containing  albumin.  The  eosin  used 
is  fin  alcoholic  soJution  (0.5  grama  of  cosin  to  100  c,c.  of  GO  per 
cent  alcohol)  and  the  methylene  blue  is  in  saturated  aqueous 
Eolution. 

In  general,  it  is  best  to  leave  the  inoculated  drop  of  exudate  in  the 
incubator  for  about  4  hours.  By  tbi.s  time  tlift  Ijacteria  will  not 
have  increu.sed  to  an  unrea?*(»niible  extent,  but  pha^rf-yttwU  iiml  the 
changes  i;auf*e<l  ill  tin*  bacteria  by  the  Kecreliun  >,*(  leuiiorytew  are 
already  quite  manifeHt.  It  may  be  noted  that  in  a  quarter  of  an 
hour,  at  a  teniperatureuf  35ih'greifS,  or  in  evon  less  time,  leucocytes 
may  show  a  very  distinct  phagocytic  activity. 

The  e-xudflte  emjjloywl  waa  obtained  from  guinea-pigs  that 
had  never  received  an  injoclion  of  bacteria,  but  ha^l  simply  been 
given  bouiUoTi-  A  list  of  the  iMj^teria  subjecUfd  to  the  action  of 
leucocytes,  with  ihe  resultjng  phenomena  that  we  have  noted, 
follows : 

W  choleTfV  (culture  from  Eastern  Pru-^j^ia).  —  Pnlynurlear  leu- 
cocytes have  tak(?n  up  a  large  number  of  the  vibrios.  The  micro- 
organisms outside  the  cells  have  retmned  intact  their  fnmi  and  their 
reaction  to  dyes.  Within  the  phagocytw  thero  are  vibrios  of 
normal  appearaneE?colorc<l  a  good  blue,andal«o  numerous  organisms 
that  show  distinct  granulations.  These  granulations  lake  different 
Bhades  of  blue,  light  pink  and  deep  pink.  Tbey  are  quite  like  those 
granules  that  Pfciffer  notctl  in  the  peritoneal  cavity  ot  immuiiiKcd 
animals  after  injecting  a  culture  of  vibrios.  These  oval  or  rounded 
granulations  arc  simply  vibrios  that  have  contracted  in  response 
to  the  harmful  secretion  from  the  leucocyte*.  The  fatft  that  none 
of  these  granulations  arc  found  out*=ide  the  cells  shows  very  clearly 
the  superior  bactericidal  power  of  the  protoplasm  of  the  phagocytic 
over  that  of  the  surroun<bng  fluid.  We  ehall  later  consider  these 
granulations  more  carefully  and  also  the  influences  that  produce 
them. 

Some  of  the  vibrios  within  the  leucocytes^  whether  transformed 
into  granules  or  not,  show  marked  changes  io  reaction  to  dyc3. 
Instead  of  staining  with  methylene  blue>  the  basic  color,  they  slain 
with  eosin.  Metefmikoff  has  already  obsen-ed  vibrios  taken  up  in 
the  animal  bodv  that  stain  with  eosin ,  he  also  note*!  the  same  fact 
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with  the  spirillum  of  reL-urrent  fe\Tr  •  Mesnii  noted  a  similar  fact 
with  the  Bacillus  anthracis.t 

V,  choient  (culture  from  Constantinople}, —  Same  result. 

B.  typliosu^,  —  There  are  manj'  organisms  within  leucocytes  of 
which  the  majority  have  been  transformed  into  rounded  or  oval 
granules  which  slain  shades  varying  from  blue  to  pink.  Ths  change 
is  similar  to  tliat  noted  in  the  cholera  vibrio.  There  are  a  few  intact 
bacteria  within  cells  that  stain  with  eosin.  The  bacilli  that  have 
not  Ijcfn  tak(^n  up  hy  pJiagijcyteis  have  a  nonnal  appearance. 

B.  coti.  —  The  resullfi  are  sirnilar  to  those  with  B.  typhosus. 
The  same  intracellular  granulation  i^*  to  be  noted  Jue  to  the  cop- 
traetion  oF  the  organism.  There  are  also  some  bacteria  within  the 
ceUs  that  appear  swollen.  Stains  are  ail  the  way  from  blue  to  red. 
No  change  in  the  organism  outside  the  cells, 

Bijciiius  of  Hog  Cholera.  —  The  results  are  also  similar  to  those 
notetl  under  cholera  antl  typhoid.  Within  the  phagocytes,  in 
addition  to  nonnal  bacteria,  granules  elftine<l  either  with  blue  or 
with  eofcdn  are  noted.    The  organisms  outride  leucocytes  are  intact. 

Bacillus  of  Dany»z.  — This  organism  was  discoverei.!  by  Danysa 
in  an  epidemic  among  rats,  and  when  injected  into  these  animals 
causes  a  conta^ous  anti  fatal  enteritis.  The  organism  is  non- 
pathogenic for  rabbi  te  and  birtie,  and  kills  only  rat*:,  mice,  and  field- 
mice,  so  that  it  IS  actually  being  used  in  agricultural  circles  for  the 
purpose  of  destroying  the^e  harmful  animalfi.  It  is  a  cocco- bacillus 
that  docs  not  stain  by  Gram  and  resembles  the  colon  bacillus  in 
general.  When  subjected  to  the  leucocytes  of  the  guinea-pig  it  h 
taken  up  with  extraordinary  avidity-  The  phagocytes  take  up  so 
many  bacteria  that  each  one  appears  to  be  stuffed  with  them. 
The  organisms  that  have  been  taken  up^  when  examined  after  the 
usual  period,  are  found  colored  violet  and  at  timea  red. 

Biic\U\ts  diplitkmnE. — There  is  a  very  marke<t  phagocytosis. 
The  shaffe  of  the  organisms  is  not  chang&l  (at  least  in  4  houra),  but 
the  reaction  to  dyes  is  extraordinarily  malified.  The  majority  of 
diphtheria  bacilli  taken  up  by  jDhagocytea  are  colored  a  deep  red  or 
violet.    Outside  the  leucocytes,  on  the  contrary,  the  organism  ahowa 

■  ContocuB^ae,  Mode  do  d<^ru«t]oii  dxt  VLbriLju  ^hul^ri^UD  daoB  I'^rgaiii^rQC, 
ISU. 

t  Mi3iii],  Bar  le  mode  de  r^ititanr^  ^Im  vcrt^hr^  inf^rieura  aux  iaTulLjoB 
micT^bicnooa,     Aaualcfi  do  I'lnalitut  Paulour,  May,  ISOS. 
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its  Qonnal  reaction  for  the  basic  stain,  Mtmtiiiuclc&r  leucocytes 
have  a  ver>-  tUstirict  affinity  for  (Jiphlhcria  bacilli  ami  take  up  a  good 
Dumber  of  them,  bjt  the  organisms  taken  up  by  the  niouonucleara 
show  fewer  color  clmnges  tlian  (hose  taken  up  by  tUv  jwlynucluars. 

Btwittwi  protewi  vidgaris^  —  Tlie  change  U)  a  rtt\  istaining  bacillus 
H  Ktill  more  striking  with  Proteus  vulgjiri:^  than  with  (he  diphtheria 
b&cillus-  After  contact  For  quarter  of  an  hour  with  a  riyh  leu- 
cocytie  exudate,  eosin-stairn^l  bacteria  may  b&  found  wiihin  the 
phagocytes.  It  iy  evident  ihat  the  protoplasm  of  leucocytes  has  a 
very  marked  actiou  on  Proteus.  After  a  few  houi^'  contact  it  is 
very  hard  to  fiud  any  organisms  in  the  phagocylos  that  slatn  blue. 
Bui  althoughthesebacteriaare  very  much  chanjC&Iin  their  chemical 
constitution,  they  show  Utile  morphological  alteration.  The  bac- 
teria scattered  in  the  surrounding  Quid  are  normal  in  appearance, 
with  the  exception  of  a  few  individuals  that  stain  rctl.  Proteus  ia 
one  of  the  best  organisms  lo  demonstrate  phoj^ocytosis  in  vitro, 
and  ehows  most  clearly  the  effect  of  leucocytic  fluid. 

B-  arUhracis.  —The  enpulfing  of  the  anthrax  bacillos  by  phag- 
ocytes in  \itro  ia  easily  demonstrable*  The  polynuclcarf  take  up 
one  or  two  rods;  when  the  chain  of  bacteria  hi  long,  it  frequently 
happens  that  several  phagocytes  join  together  about  the  chain  and 
unite  in  absorbing  it.  The  filaments  that  have  been  taken  up  stain 
red  or  a  shade  between  red  and  blue.  There  are  lo  be  noted,  it  ia 
true,  in  the  surrounding  fluid  also  bacteria  in  which  changes  are 
quite  evident,  antl  it  nm^t  be  mlmitted  that  the  fluid  of  the  exudate 
Becms  to  show  bactericidal  effects  on  this  organism.  But  a  careful 
study  of  smeara  shows  clearly  that  these  substances  in  Ihe  surround- 
ing fluid  have  come  by  diffusion  from  the  Icucocytea.  It  ts  per- 
fectly evident  that  the  re^l-sta-incd  bacteria  are  more  numerous 
within  the  phagoeytt^i  than  without  them;  and,  what  i^  more,  it  ia 
not  unusual  to  find  long  thread.*  of  anthrax  stained  blue  throughout 
their  length,  with  the  exception  of  those  s|kj(s  In  contact  with  the 
protoplasm  of  a  leucocyte.  Such  a  picture  shows  well  the  phag- 
ocytic origin  of  the  soluble  substances  that  are  harmful  for  the 
anthrax  bacillus. 

B.  mmcoides. — Abundant  phagocytosis.  Extracellular  organ- 
isms normal-     Within  the  phagocytes  reddish  or  bluish  rods. 

3.  vermiculoris.  — Same  result- 
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B.  pyoajaneus.  —  DbUiiet  phagocytosis.  Some  of  the  organ istna 
within  Ihu  pliagocytes  are  culoreJ  a  f^nt  pmk. 

B.  ramom  and  tite  red  bacillus  nf  Kid,  — Similar  phenomena. 

SlTepi(f€occus.  —  Polynuclear  leucocytes  capture  large  numbera 
of  slrcptocccci.  Within  4  honre  the  majority  of  the  cocci  lakcD  up 
sliU^lain  blue.  There  are  to  be  noted,  however^  in  some  phagocytes, 
chains  of  red  streptococci;  at  times  one  or  two  of  the  cocci  in  a 
chain  remain  blue  or  violet. 

It  IS  cWdcnl  that  the  same  phenomena  niaj'  be  observed  in  nvo 
OS  in  vitro.  For  example,  we  have  injected  the  diphtheria  bacillus 
(1  c.c»  of  a  24-hour  bouillon  culture)  into  two  guinea-pigs,  one 
of  which  had  received  the  day  before  '6  c.c.  of  bouillon  in  tEic 
peritonea!  cavity,  and  the  other  of  which  hafl  received  3  c.c,  of 
anti-diphtheria  aenini.  The  injection  of  bouillon  produced  a  rich 
leucocytic  exudate  composed  largely  of  polynudeara,  but  also  con- 
toning  a  few  mononuclears.  In  the  animal  injected  with  preventive 
aenim,  the  exudate  contained  many  polynucleajs^  but.  in  addition, 
a  numl^er  of  mononuclears  (macrophages).  In  both  animals 
phagocytosLs  is  noted  after  injection  of  the  culture,  and,  as  Ls  u^ual, 
the  polynuflears  seem  to  take  the  greater  part  in  it.  In  the  case 
of  the  guinea-pig  vaccinated  with  serum,  however,  the  macrophages 
are  found  to  have  taiien  up  considerable  numlier^  of  organisms. 
After  an  hour  there  are  nmnerous  intraphagocytic  bacilli  stmning 
red  both  tn  the  animal  that  had  received  bouillon  and  in  the  ooe 
imniunij?e<l  with  i^erunL  Although  the  taking  up  and  destruction 
of  the  organii^ms  appears  to  go  on  without  any  difficulty,  there 
remain  certain  resistant  bacteria,  so  that  positive  cultures  were 
obtained  from  the  exudates  of  bith  anlnmls  18  hours  after  injection. 

The  unifomiity  with  which  phagocytosis  occurs  evon  when 
leucocytes  have  been  taken  out  of  the  animal  body  and  are  no 
longer  in  their  normal  condition  la  amply  proved  by  these  experi- 
ment'^,*   Changes  cf  the  bacteria  in  cells  are  always  noted.    One 

•  Theftclivily  of  plmgocylea  against  l^acteria  in  vUrogivesa  meuna  of  sludying 
tbe  cfTccl  of  difTercQt  (loieoofl^  toxiDa  or  rlru^  oa  tbcae  ctllfl.  Active  aubntancca 
nuLy  b<;  added  \jo  leucDcytta  &jid  tlicD,  aFLtr  varying  pt'noiJd  uf  i\ms.  imctcrio.  may 
alw>  be  added.  We  nre  at  pr^^ent  engugikl  in  aiudira  along  Chiri  tmc-  We  are 
rather  durpriaed  to  Gad  that  diphtheria  (oxiji.  nhick  kdla  the  ^uinca-piE  inadoK 
bf  02  Ici  O.t  af  a  cuhic  i:eii1^[iLt:terr  pnxJuces  uc  dlect  on  Che  pliagucyUc  Activity 
□C  the  l«ucocytP»  of  tbis  animaJ. 
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of  thGmost  interrating  of  these  ehangGs,  as  we  have  already  obscn'ed, 
is  ihe  ease  with  which  certain  bacteria  gain  the  power  oF  absorbing 
eosin  indtG£Kl  of  methylene  blue.  On  account  of  tlie  reguLirity  with 
which  this  phenomenon  oecursT  one  is  inclined  to  attribute  the 
pseudo-eoBinophilic  granules  in  macrophages  to  bacterial  origin. 
As  for  the  inorpliological  changes  Id  engulfed  bacteria,  it  is  to  be 
noted  that  there  are  present,  in  leucocytes  of  normal  animals  that 
have  rcceive<l  an  injection  of  cholera  vibrios^  the  same?  sort  of 
granules  (transfomiel  vibrios)  tt&  in  the  peritoneal  fluid  of  highly 
vacciQati^i  aniraok.  In  the  normal  animals,  however,  the  bacte- 
ricidal  property,  as  eviilenced  by  the  transformation  of  the  vibrio 
into  granules,  ia  never  so  energetic,  and  brings  about  the  change 
only  where  the  bactericidal  substance  is  highly  concentrated,  that 
ia  to  say,  within  the  phagocytes. 

IV.   Leucocytes  anu  tre  Preventive  Power  of  Serum, 

It  is  well  known  that  the  blood  of  animals  that  Lave  beeTi  vaca- 
nated  several  times  with  a  culture  of  living  vibrios  killed  by  heat, 
has  not  only  bactericidal  but  preventive  properties.  The  injection 
of  Eerujn  from  BUeh  vaccinated  animak  into  healthy  animals  per- 
mits the  latter  to  withstand  a  dose  of  culture  that,  under  ordinary 
conJitions,  is  certainly  fatal.  There  are  preventive  cholera  sera 
which  are  so  very  powerful  that  they  act  in  doses  as  small  as  two 
or  throe  milligrams. 

Will  facts  ofTereii  in  explanation  of  the  bactericidal  properly  of 
serum  also  explain  the  preventive  power?  Are  the  substances  that 
endow  the  serum  of  vaecinateil  animals  with  their  preventive 
properties  present  in  the  body  fluids  of  tlie  living  animal?  Or  are 
they,  on  the  contrary,  more  or  less  retained  by  the  white  blood 
corpuscles  during  life?  The  experimental  procedures  already 
described  arc  also  applicable  to  this  problem^ 

It  is  perfectly  evident  that  the  relative  preventive  value  of  senim 
and  of  ctieina  fluid  from  the  same  vaccinated  animal  may  be  com- 
pared. We  may  also  compare  two  specimens  of  blood  from  the 
same  animal  containing  different  numbers  of  leucocytes,  and  this 
methtxi  we  have  employed.  In  thc.^e  experiments  we  used  the 
vibrio  of  Massaouah,  which  is  an  advantageous  culture  for  two 
reasons:  its  virulence  is  relatively  constant,  and,  secondly,  it  is  so 
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pathogenic  that  there  is  no  necessity  for  injecting  large  amounts  of 
the  culture  into  the  animals^  which  might  be  toxic  apart  from  any 
increase  in  organisms  that  may  take  place.  It  frequently  Imppena 
in  using  a  culture  of  chulcra  vibrios  of  low  pathogenic  power,  but 
of  high  toxicity  (for  example,  the  culture  from  Eastern  PrussiftJ, 
that  well  vaccinated  guinea-pigs  die  on  receiving  &  sub-lethal  close, 
and  die,  not  of  infection,  but  from  intoxication,  it  is  weQ  known» 
indeed,  that  protection  by  meana  of  eenim,  or  active  immunization 
by  means  of  bacteria,  does  not  decrease  the  sensitivity  of  the  animal 
ito  the  toxin.  It  is  evident,  then,  that  such  cultures  n^hould  not  be 
in  comparing  the  prevputivR  value  of  two  fluids.  The  Mas- 
h  vibrio  h^m[ilnyeil  kilb  guinea-prgs  in  a  dose  (»f  t'h  of  a  24-hour 
agar  culture  intrafjeritonedly, 

Tlie  preventive  fluiils  were  irijet^terLJ  int.cj  the  peritoneum  24  hfiura 
before  (he  intrapentoneal  injection  of  the  [culture.  The  agar 
culture  used  for  injection  was  sus^)pnded  in  a  definite  amount  of 
salt  sulution  (O.fi  per  cent)  and  formed  a  homogeneous  emulsion 
that  could  be  easily  measured. 

Experiment  9.  Rabl^t  "A"  had  beeo  vaccinated  against  the 
Massaouflh  culture  and  the  blood  anJ  edema  Suid  had  been  studietl 
in  respect  to  their  bactericidal  properties.  0.25  of  a  cubic  centi- 
meter of  each  liquid  was  injected  into  the  peritoneal  cavity  of  a 
[guinea-pig.  The  one  receiving  the  serum  weighed  330  grams,  the 
one  that  received  edema  fluid.  345  grams.  Twenty-fours  hours 
later  these  two  guinea-pigi^,  as  well  as  a  control  normal  guinea-pig 
(400  grams)^  received  each  A  of  a  eullurc.  The  control  died 
rapidly.  The  two  guinea-pigs  that  had  received  protective  injec- 
tions recovered. 

In  this  experiment  both  the  c<!ema  fluid  and  the  serum  were  shown 

to  coat^n  preventive  properties.     But  it  was  found  by  increasing 

the  amount  of  culture  and  diminishing  nslightly  the  amounts  of  the 

preventive  fluida  injected  that  the  properties  are  not  prcacnt  in 

^cqual  amounts  in  the  two  fluids. 

Experiment  10,  A  guinea-pig  weighing  500  grams  received 
0.2  of  a  cubic  centimeter  of  serum  from  the  vaccinatcl  rabbit- 
Another  guinea-pig  (S25  grams)  received  0.2  of  a  cubic  centimeter 
of  edema  fluid.  A  control  guinea-pig  (.535  grams)  received  0.2  of  a 
cubic  centimeter  of  normal  rabbit  serum.    Twenty-five  hours  later 
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each  guinea-pig  rcccivcii  i^d  of  a  culture*  Tlie  next  raoming  the 
guinea-pigs  that  hm!  received  the  edema  tiuid  and  the  normal  rabbit 
stirura  respectively  were  found  dead;  the  guinea-pig  that  had 
received  preventive  serum  waa  slightly  sick,  but  soon  recovered. 
There  were  a  number  of  leucocytes  in  the  peritoneal  exudate  of  the 
guinea-pig  that  bad  received  the  edema  fluid,  bub  very  few  in  the 
control  that  havl  received  normal  rabbit  serum. 

Even  when  the  dose  of  culture  user)  is  very  large  or  the  guinea- 
pigs  are  very  small,  so  that  the  immunity  conferred  by  the  serum 
IB  not  perfect,  there  is  always  to  lie  not^l  a  distinct  delay  in  the 
death  of  the  animal  receiving  the  preventive  serum  over  the  other 
two.     For  example: 

Experiment  11.  Guineappig  "A"  (245  grams)  received  0.2  of 
a  cubit  centimeter  of  serum;  guinea-pig  '"B"  (255  grani^l,  0.2  of 
a  cubic  centimeter  of  etiema  fluid.  The  following  day  these  animals 
and  a  control  "C"  (339  grams)  were  ^ven  eiwh  fy  o(  a.  culture. 
The  following  day  the  guiuca-pig  iojec^tetl  with  edema  and  the  con- 
trol were  found  dead;  the  guinea-pig  Injected  with  preventive 
serum  did  not  die  until  the  following  tlay,  which  is  a  considerable 
delay  when  one  considers  the  usual  rapid  evolution  of  the  perito- 
nitis caused  by  the  cholera  vibrio.  In  such  instances  an  exami- 
nation of  the  peritoneal  exudate  is  interesting.  The  exudate  in  the 
control  is  always  found  to  he  poor  in  leucocytes  and  over-running 
with  vibrios.  The  exudate  from  the  guinea-pig  that  has  received 
edema  fluid  always  contains  considerably  more  cells  than  the  control, 
but  very  much  fewer  than  does  the  exudate  of  the  animal  that  has 
received  serum;  and  in  this  latter  animal,  too,  the  \'ibrios  are  very 
much  fewer  in  number.  The  proportion  of  leucocytes  in  the  exudate 
indicates  the  relative  rcsiatance  of  the  individuaL 

ExpEHiMGNT  12.  A  rabbit  had  been  well  vaccinated  against 
the  Massaouah  or^^nism*  Eighteen  days  after  the  last  injection 
an  edema  was  produced.  The  blood  contained  5000  leucocytes 
per  c.m.m. 

(a)  Rather  large  guinea-pigs  were  used.  No»  1  (455  graniB) 
received  0.3  of  a  cubic  centimeter  of  edema  Huid :  No,  2  (430  grains), 
0.3  of  a  cubic  centimeter  of  aerum ;  on  the  following  day  these  two 
animals  and  a  control.  No.  3  (4oO  grams),  received  each  A  of  a 
culture.     The  control  was  the  only  one  to  die. 
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(h)  Sm&WcT  gjinea-pig?.  No,  1  (240  grams)  received  0.2  of  a 
cubic  cetilimetGr  of  strum;  No.  2  (205  grams),  0.2  cubic  centimet^ra 
of  edema>  These  two  animals  and  a  control,  No.  3  (300  graim), 
were  given  t^  of  a  culture  on  the  following  da>\  The  control  (No, 
3)  and  the  guinea-pig  that  had  received  etloma  fluid  were  found 
dcatl  the  following  day.  The  guinea-pig  that  had  received  eeruni 
withstood  the  infectioD. 

ic)  A  guioca-pig  (325  grams)  received  0.2  of  a  cubic  centimeter 
of  serum.  Guinea-pig  No,  2  (350  grams),  0.2  of  a  cubic  centimeter 
of  edema.  Control  guinea-pig  (540  grams).  Each  received  Vo  of 
a  culture  the  evening  of  the  same  day.  The  following  morning  the 
control  and  the  animal  that  had  rcccivetl  edema  Huid  were  found 
dead.  The  guinea-pig  that  had  received  serum  died  two  days  later, 
probably  of  intoxication^  since  the  hearths  blood  was  sterile;  the 
peritoneal  exudate  was  found  to  cont^n  a  rather  large  number  of 
leucocytes,  which  were  very  infrequent  in  the  exudates  from  the 
other  two  anim&ls. 

Lot  us  now  coJisider  the  preventive  value  of  two  samples  of  serum 
from  thesanje  animal,  contaiuingdifTerent  numbers  of  leucoeytes^ 

Experiment  13.  A  guinea-pig  that  had  been  well  vaecjnated 
against  Massaouah  was  given  an  injection  of  carmin.  A  s^ieeimen 
of  bloo<l  was  taken  before  and  after  injection  (serum  "A"  before, 
number  of  leueoeytes  11,000;  serum  "B"  after  injection,  number 
of  leucocytes  3000).  The  bactericidal  prfiperties  of  the  two  sera 
were  studied  by  the  method  already  described, 

(a)  Guinea-pig  No.  1  (300  grams)  received  0.3  of  &  cubic  centi- 
meter of  serum  "A."  Guinea-pig  No,  2  (390  grams)  received  0.3 
of  a  cubic  centimeter  of  serum  "B/'  Control  guinea-pig  (455 
grams).  The  following  day  each  animal  received  ^  of  a  Massaouah 
culture.    The  control  alone  died, 

(b)  Guinea-pig  No.  1  (345  grams)  received  0.2  of  a  cubic  centi- 
meter of  serum  "A '';  j^inea-pig  No.  2  (375  grams),  0.2  of  a  cubic 
cenLimeter  of  serum  *'D/'  Control  (440  grams).  The  following 
day  each  animal  receivfti  ^o  of  a  culture.  The  control  and  the 
animal  that  received  eerum  ''B"  fcontnining  the  smaller  number 
of  leucocytes)  were  found  dead  the  following  morning.  The  guinea- 
pig  that  received  serum  ''A"  died  the  same  day  in  the  afternoon; 
Uie  peritoneal  exudate  from  this  animal  was  the  richest  in  leucocytes. 
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(c)  Guinea-pig  No,  I  (340  grams)  received  0.2  of  a  eutac  centi- 
meter of  serum  "A";  guinea-pig  No.  2  (350  gracLs),  0.2  of  a  culSc 
centimelor  of  serum  "B" ;  control  guinea-pig  [355  grama).  Animals 
©ven  Vfl  of  a  culture.  Guinea-pig  No.  2  and  the  control  died  the 
following  afternoon-  Guinea-pig  No.  1,  tbat  had  received  senim 
*'A,"  survived. 

It  is  evident,  then,  that  ecrmn  haa  a  higher  preventive  power  than 
plasma,  or^  rather,  than  a  transudate  caused  by  venous  compression 
and  containing  fewer  Icuccreytes  than  serum.  Serum  containing 
the  normal  number  of  leucocytes  is  more  preventive  than  serum  in 
which  the  leucocytes  have  been  artificially  diminished.  Although 
the  edema  fluid  haa,  to  be  sure,  a  distinct  preventive  property,  (fie 
data  given  iTidicale  vtry  dearly  the  importance  of  leucooftes  in  respect 
to  the  preventive  properiies  ofseruvu  It  is  <|uite  possible  that  during 
life,  under  nonnal  conditions,  a  certain  difTasion  of  preventive 
BubstanceB  from  the  leucocytea  may  take  I'locc,  although  there  b  no 
certmnty  that  the  edema  proi.luced  by  a  rubber  bond  corresponda 
at  all  exactly  to  the  plasma  of  the  blood. 


V-  Specifjcitt  of  the  Bactehtcidal  Substance  in  the 
SEJtt'M  OF  Vaccinated  Animals. 

In  the  group  of  \'ibrios  there  are  several  bacterial  species  having 
similar  characters-  It  is  very  difficult  either  by  morf>hology  or  by 
cultural  eharacteristiea  to  distinguish  the  cholera  vibrio  from  the 
vibrio  of  Ma'^saouah,  the  vibrio  of  Deneke  or  the  \ibrio  of  Finkler. 
The  great  importance  of  finding  some  means  of  distinction  between 
these  organisms  accounts  for  the  careful  study  that  has  been  mmie 
of  tbcm.  On  account  of  its  palhoRenie  importance  and  for  the 
value  that  a  positive  diagnoaia  of  it«  j>rcsencc  would  have,  the 
cholera  vibrio  has  been  particularly  well  studied  in  order  to  delcr^ 
mine  such  eharactorit^tics  a^  could  be  used  to  separate  it  from  other 
similar  micron^^i^anisms.  Most  of  the  attempts  at  separation  of 
this  organism  have  failed,  and  it  was  found  that  certain  properties 
which  were  first  supposed  to  be  specific  were  also  present  in  other 
vibrios.  The  comma  bacillus  presents  frequent  confusing  changes; 
it  changes  morplioiogically;  it  does  not  always  liquefy  gelatin  with 
foe  same  rapidity;  and  its  virulence  is  very  changeable  and  easily 
lost.    The  Finkler  organism  or  the  Deneke  organism,  which  are 
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usually  ponsiderti!  ii  on -pathogenic,  may.  after  a  few  passages, 
infect,  ammala  quite  as  well  as  Llie  typical  choltrn  vibrio.  The 
cliok'ra  retl  reaetiori  is  no  certain  niL'tlKKl  of  iliagnosis.  Morpliu- 
lo^cally  and  eulturally,  then,  the  separaUon  of  Koch's  bacillus 
from  other  vibrios  is  inipoi^sible. 

Tlie  (luesf  ion  arises  as  to  whether  th(?se  vibnos,  which  are  so  much 
alike,  always  react  in  tho  snnie  manner  to  the  baoltTlciJal  sera  of 
vaccinated  animals.  Is  the  bacteiicidaJ  property  of  the  serum  of  a 
vaccinalfd  amnnal  active  only  against  the  species  of  vibrio  used  to 
vaccinate  the  afiimal,or  ia  it,  on  the  contrar}',  aniore  general  property 
and  active  against  the  majority  of  organisms  l^lcnging  to  the  same 
group?  Pfciffer  states  that  the  bactericidal  property  in  the  sera 
of  vaccinated  animals  is-specific.  We  have  mmle  a  few  experiments 
along  this  line-  The  sera  of  several  guinea-pigs  and  rabbits,  each 
of  which  had  been  immunize"!  against  a  certain  %'ihrio,  were  tested 
for  their  bactericidal  property  against  several  different  %"ibrio3p 

L  Scrum  of  a  rabbit  immunized  againet  the  Massaouah  Vibrio. 
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a   guinea-pig   imiDunlzetl    agiuiist   the   Vibrio 
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We  havR  not  conaidered  it  necessary  tn  carry  these  ejcperimetite 
farther  because  the  results  agree  wholly  willi  those  recently  oI> 
taine<i  by  various  observers.  In  fact,  we  have  a  method  which  ia 
much  easier  to  employ  than  the  gelatin  plate  method  to  detect 
whether  a  given  vibrio  is  susceptible  to  a  given  immune  serum- 
This  iiiethotl,  whicli  we  slmJ!  later  consider,  consists  in  esliniating 
the  susceptibility  of  the  vibrio  to  grarmlar  transformation  tPFeiffer's 
phenomenon)  which  occurs  when  the  organism  is  mixed  either  with 
the  specific  immune  serum  or  tho  immune  serum  plu3  a  small 
amount  of  fro^h  normal  Hirum  ♦  It  vAW  be  seen  in  the  tables  which 
have  been  gix-en  that  the  bactericidal  property  of  a  aerum  is  always 
more  active  against  the  vibrio  which  has  sen'ed  to  vaccinate  the 
animal  funiishing  the  serum,  or  for  those  few  organisms  that  are 
closely  allictl  to  the  immunizing  orgaiiir^m.  There  is  no  doubt  that 
the  bactericidal  effect  k  highly  specialised,  eincc.  however  similar 
organisms  may  be  mon>ho logically  anti  culturally,  certain  of  them 
arc  wliolly  iinaltected  by  a  serum  fatal  to  othora.    It  is  to  be  noted 

♦  A-*  will  be  se<?n  later,  thi*  immune  s^rum  miiat  hnvt  Wen  reccnily  ohtflined  in 
order  to  cHcct  a  aracular  traDsFgrnmlLon  of  &□  or^puiisni  witlii>ut  the  addition 
of  iTtah  QorniAl  ocram. 
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that  there  arc  several  <liffL^rence6  of  thif^  sort  in  the  type  organisms 
of  the  species  ^'cholera  vibrio."  For  example^  the  vibri<j  uf  Mas- 
saouah  does  not  act  as  do  the  cholera  vibrioe  of  Ea;5tern  Prussia, 
Constant  inople,  or  Hamburg,  Thia  does  not  at  all  mean  that  it 
has  nut  the  same  pathogenic  properties  as  these  latter.  Immune 
serum  gives  a  delicate  reaction,  but  wc  do  not  know  whether  the 
distinc^ous  it  draws  between  vibrios  are  always  fundamental  ones. 
Jt  is  certainly  proper  to  collect  all  the  organisms  that  react  in  the 
same  way  to  a  ^ven  scrum  into  one  distinct  group  and  to  separate 
thij^  group  from  all  the  others,  provideil  that  the  criterion  of  separa^ 
tion  is  distinctly  notcil.  The  grouping  of  a  given  species  is  not 
always  the  same  If  some  other  criterion  is  used.  There  is  no  means 
of  proving  that  a  classification  base<l  on  a  reaction  to  serum  is  the 
saHie  as  n  claKsification  aec*.inling  Ui  pathogenic  power.  There  is 
no  reasonforsaying,  for  examplt%  that  the  vibrio  of  Massaoufdi  can- 
not pnxlucc  ca.sps  or  epidemics  of  cholera  Fmm  the  j^imple  fact  that 
it  is  not  afTecte^l  by  the  fierum  of  animals  imraunuetl  agwnst  the 
cholem  vibrio  from  Eastern  Prussia- 

VL  The  Katl:e5  of  thk  Bactericidal  Substance  in  Vacci- 
nated Animals.  Its  Identitv  with  the  Bactericidal 
SmsTANCES  IN  Normal  Animals. 

The  immunizftl  animal  is  remarkably  well  equipped  for  combating 
the  organism  against  which  it  has  been  vaccinated.  In  its  phag- 
ocytes it  has  a  bactericidal  power  which  would  fnccm  to  direct  itself 
exclusively  against  that  bacterial  apeeice  against  which  it  has  been 
immunized.  But  even  the  normal  uavaecinated  animal  has  a 
certain  amount  of  protective  power  against  vibrios.  When  vibrios 
are  inoculated  in  nonnal  serum  there  is  generally  notc<l  in  the 
beginning  a  decrease  in  their  number.  Although  thi.i  destructive 
j>ower  is  not  dislinttly  marketl  again.^t  virulent  vibrios,  it  is  more 
marke^.L  as  PfeifFer  has  recently  fthown,  against  such  vibrios  as  have 
been  gromi  for  some  time  on  artificial  mcirlia  and  have  therefore 
become  unaccustomed  to  the  body  fluids  and  lost  their  virulence. 
It  is  well  knoviTi.  moreo\'er,  that  this  normal  bactericidal  power  may 
bt!  iiifTcasetl  by  injecting  into  tliR  animal  a  few  cubic  centimctera 
of  boiiilloD  or  of  normal  M-rmn. 

There  are  certain  piDperties  in  common  lietween  the  bactencirld 
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substance  in  normal  aninials  ami  (he  siwcififl  bactmrklal  subftt-ance 
in  ininiuiuztti  animal;*.  They  are  both  liestmyeil  al  al)Out  (K)°C., 
and  sera  heatpJ  to  this  teni[ierature  become  excellent  culture 
media.  In  l>oth  instances  tbe  power  is  liMlgwl  witliiii  llie  phag- 
ocytes-  But  these  two  substanceH  may  be  t^harply  ilistiugiilshetl 
fmm  one  another  by  the  fai^t  that  the  le*js  active  sulistance  of  nor- 
mal serum  13  in  no  sense  specific  and  attacks  vibrio^!  inililTereiitly, 
while  the  other,  in  vaccinateti  animab,  is  very  powerful  and  is 
highly  specific.  The  normal  bactericidal  substance  is  harmful  for 
attenuated  vibrios^  whatever  may  be  their  origin,  but  the  specific 
baetericidftl  substance  is  fatal  only  for  a  definite  race  of  \ibrioa. 
The  two  {Substances  would  appear,  then,  to  bo  quite  different. 

What  is  more,  the  bactericidal  substance  in  the  serum  of  immu- 
niaed  animals  dilTere  from  the  preventive  substance  in  the  eauie 
scrum.  The  researches  of  C,  Frankol  and  Sobcmhcim  *  have  eho^s-n 
that  the  preventive  substance  resists  a  prL»longcd  heating  to  70 
degrees,  whereas  the  bactericidal  substance  is  entirely  destroyed  at 
this  temperature.  Scrum  heated  to  70  degrees  13  quite  aa  capable  03 
fresh  serum  of  conferring  pa^ivc  immunity ;  in  other  words,  the  pre- 
ventive substance  is  quite  unaltered  by  thia  temperature-  It  may 
be  noted  that  the  essential  property  of  this  preventive  substance 
lies  in  causing  an  intcn.ie  bactericidal  property  in  the  treated 
animals,  as  was  well  cstabliwhExi  by  Frankel  and  Bobemheim  in 
their  important  study.  These  experimenters  injected  scrum  from 
animalfi  vacrinatM  again.st  cholera  into  guinea-pigs^  and  noteil  on 
the  following  day  that  the  serum  of  these  guinea-pigs  had  become 
energetically  bactericirlal  for  KoL-h's  vibrio.  The  same  result  was 
observfsl  in  animals  given  injections  of  eerum  heated  to  70  degrees 
and  thereby  deprivet!  of  its  own  bactericidal  property-  For  tlie  mo- 
ment, the  fact  of  importance  to  us  is  that  tho  preventive  suliatance 
which  imniimizes  animals  difTera  from  the  bactericidal  subetance. 

It  would  *?eem,  then,  that  we  must  consider  at  least  three  import- 
ant active  substances  in  immunity:  two  dilTerent  bactericidal  sul> 
stanceSj  and  a  preventive  substance.  But,  as  a  matter  of  fact,  the 
matter  is  not  so  complicateit.  It  would  seem  that  the  bactericidal 
substances  of  normal  and  of  immunize<l  animals  which  differ  in  the 
matter  of  specificity  are,  in  reality^  quit&  identical.     Tfi€  feeUe  bac- 

•  Fraojkel  and  Sobemheim,  Hygienisclie  Eund^cliao,  Noh,  3  et  4,  1891 
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ten'cidal  substajwe  m  the  normal  serum  ficU  tnerg^tically  in  the  immune 
serum  rju-intj  to  the  action  o/Uie  preventive  j^iih.'^tance  that  accompanies 
itj  increases  {is  prmvr,  and  lends  to  it  its  specific  chtiracter. 

As  a  matter  of  fact  it  suffices  to  ba1*\  a  ^nrnW  anjouDt  of  anti- 
cholera  serunif  either  frwli  or  previously  heated  to  60  degrees  and 
80  ileprivcil  of  ita  bticCiiricidal  property,  to  normal  eeruiii  to  endow 
tfie  loiter  wUh  a  very  Urong  bactericidal  property.  Two  liquids  then, 
neither  of  which  is  markedly  bnctcricidal*  form  a  mixiure  tfuU  w 
eirongly  bocicricudnl.  As  we  shall  later  see  this  bactericidal  property 
is  specific  and  evidenced  only  towani  that  race  of  bacteria  used  to 
vaccinate  the  animal  from  which  the  prevealive  »erum  ftas  been 
obtained.  It  makes  no  difference  in  the  bactericidal  property  if  the 
serum  is  quite  nlear  and  \vithout  cells  or  contains  only  a  few  cor- 
puscles. This  fact  may  be  exprertsefl  in  another  way  by  saying  that 
after  the  preventive  serum  has  lieen  healeil  it.N  inteiu^e  nnd  s[)eciric 
property  may  be  resti^red  hy  aihlliig  normal  aerum.  This  is  brought 
out  hy  the  followiog  experiment: 

ExpEHiMENT  14.  Normal  guinea-pig  serum  recently  obtained 
was  allowed  to  settle  and  the  upper  non-cellular  clear  fluid  was 
taken  off;  (he  lower  part  of  the  fluid  containeil  reii  and  while 
corpuscles.  Tubes  were  made  up  as  follows:  No,  1,  12  drops  of 
semrn  from  a  goat  immunized  against  cholera  {Eastern  Prussia) 
((his  serunj  hail  been  heated  (or  one  hour  at  58  degrees).  No,  2, 
12  drops  of  norrnal  guinea-pig  serum.  No.  3,  8  drops  of  guinea-pig 
senmi  plus  4  drops  of  goat  serum,  5S  degrees-  No,  4,  identical 
with  No,  3  except  that  tJie  cellular  part  of  the  normal  guinea-pig 
^fl^ijm  was  used. 

These  tube^  wert*  then  inoculated  with  a  24-hour  culture  of  the 
vibrio  suspended  in  lU  c.c.  of  normal  salt  solution,  and  gelatin  platcB 
were  made  at  tnler\"als. 
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It  is  evident  From  this  fxprriiiKT^t  that  normal  serum  may  Ee 
made  strongly  Ijacteriddal  by  the  adJiLion  of  a  small  aniount  of 
proveniive  senira,  as  shottii  by  the  plate  method.  This  fact  may 
also  be  demoDstrfited  by  abiding  a.  small  drop  of  a  suspension  of 
vibrios  to  a  drop  of  the  serum  mixture,  when  it  will  be  found  that 
the  or^anisras  are  rapiilly  transfomied  into  granules,  Pfeiffer's 
phenomenon,  then^  ni^y  be  produced  in  vitro  as  we  ehall  presently 
consider  more  in  tletaih  In  the  same  way  that  a  email  amount  of 
preventive  serum  vaceinates  animals  and  givce  them  a  bactericidal 
property  against  the  vibrio,  so  it  would  seem  to  '*  vaccinate  "  normal 
serum  aa  evidenced  by  the  intense  bactericidal  property  which  this 
serum  acquires, 

VII,  The  SPECiriciTT  of  the  pREVENTrvE  Scbstance  in 
THE  Serum  of  Immunized  Animals. 

The  aeium  of  animals  well  immunized  against  a  vibrio  contains 
a  preventive  substance.  This  preventive  substance  ia  separate 
from  the  bactericidal  substance  also  present  in  the  serum.  I3  the 
preventive  substance  likewise  specific?  In  other  words  will  the 
aeruin  of  aiiimalfi  vaccinated  against  a  vibrio  other  than  Koch's, 
protect  against  infection^wil.h  the  true  cholera  organism?  The 
qufwLion  is  sUU  in  dispute.  Certain  oI**er\'ers  assert  that  the  semm 
of  animals  vaitcinateil  against  tlie  vibrio  MiLst^aouali  protects  animals 
from  true  cholera;  but  this  is  denied  by  other  observera.  It  is  easy 
enough  ii)  j)erfnnn  e^iJeriments  to  elucidate  this  question,  but  the 
inteqiretatioiLs  of  such  experiments  are  confusing.  The  studies  of 
Issaeff*  have  shown  us  that  the  injeelion  of  certain  fluids  vnth  no 
distinct  protective  power  in  animals  may  cause  a  certain  ilegrce  of 
immunity  against  cholera  infection. 

Cholera  peritonitis  develops  rapi<!ly.  Guinea-pigs  that  receive 
injections  0/  the  vibrio  are  either  rapidly  killed  or  eUe  recover 
rapidly,  the  struggle  between  the  animal  and  the  parasite  being 
very  short.  When  a  eub-lethal  dose  is  f^ven  the  rapi*Uty  of  the 
eure  ^hows  that  the  animal  defense  is  adequate  for  a  time:  it  has 
been  shown,  moreover,  that  vibrios  are  quickly  transforme*1  within 
the  phagocytes.  On  the  other  hand  the  vibrio  multiplies  and 
accretes  poieons,  and  consequently  if  the  animal  does  not  defend 

•  laaaefT,  Zeil^hrift  fiir  Hygiene,  XVT,  18M,  2S3- 
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il^elF  unmetliately  after  incK^ulation  it  will  soon  find  ilseJf  opposed 
by  a  large  number  of  mvaJere  ami  resistance  will  be  u^elesfi.  The 
rapidity  of  defenie  then  is  of  considerable  importance  in  the  cure; 
the  slightest  Influences  that  hasten  the  reaction  against  an  infectioD 
may  decide  the  issue  of  the  combat.  Injertioos  of  buuillon  and  of 
normal  serum  are  preventive  only  by  incrcB^ing  elightly  tho  bacte- 
ricidal property  and  by  attracting  leucocytes-  These  alight  pre- 
ventive properties  suffice  to  cauf«  the  animcJ  defense  to  begin 
iraincdiat<^ly  aiifl  ao  protect  the  animal,  A  cure  which  in  itaelf  [3 
of  vital  importance  may  be  cfFctitetl  by  agents  in  themaelvca  insig- 
nificant. There  19  no  comparison  to  be  drawn  between  the  prevcn* 
tivc  power  of  these  inert  fluids  aad  that  of  a  specific  scrum,  and  it  is 
unsafe  to  judge  o£  the  preventive  power  of  a  fluid  siioply  by  the 
results  which  it  produces.  Forex^nple.  theimmune  serum  against 
the  vibrio  Metchnikovi  has  an  energetic  attraction  for  guinra-pig 
leucocytes-  If  this  serum  is  injected  into  the  peritoneal  cavity  it 
may  consequently  attract  leucocytes  and  thus  prepare  the  animal 
for  a  defense  agaiiist  any  vibrio  that  may  subser|ue.idly  be  injected. 
The  moist  itnportant  result  causeil  by  such  an  injection,  however,  is 
the  gcnesire  of  an  energetic  baclericidal  |KJwer  against  the  vibrio 
Metchnikovi  which  endows  the  leut-cjcytes  with  a  strong  destructive 
power  for  this  vibrio.  But  this  latter  l.ta^^tencidal  jKiwer^  which  is 
so  effectual  against  the  vibrio  Metclmikovi,  is  useless  against  the 
cholera  vibria 

ExFEKTMEVT  15,  A  Small  amount  of  blood  was  taken  from  a 
normal  guinea-pig  (serum  I),  Tlie  animal  was  then  given  intraperi- 
toneally  1  e,c.  of  serum  from  a  guinea-pig  vaccinated  against  the 
vibrio  Metchnikovi;  24  hours  later  a  small  amount  of  blood  was 
again  u-ithdrawo  (serum  II).  The  bactorieidal  properties  of  these 
two  sera  against  the  vibrio  Mcltrhnikovi  and  againt^t  the  cholera 
\'ibrio  (Eastern  Prussia)  were  then  determined  by  the  plate  method. 


Soimi  I. 

Souin  tl. 

Tinw  D[  iruJLureq. 

Vibrio  MelcQ- 

VibrJo  cliol- 

VIbrIa  M^Oi- 

Vibrio  Ltoi' 

1     Mnrcli  ^&,    A       p  m 

11,  Marrh  2K    T       pm 

m.   March  28.  11  SOi-.i* 

4.500 
12. GOO 
InnumrnibCe 

3,040 
ISO 

7. BOO 

4.S00 
0 
0 

t.SOO 

420 

T.Q50 

50 


STUDIES   IX  IMMUNITY. 


An  IS  seen  by  this  tulAc  the  strnini  of  the  guinea-pig  before  injec- 
tion of  iiniimne  serum  was  not  strongly  Imcleridi kl  eitlier  for  the 
vibrio  Metcbnikovi  or  the  cholera  vibrio.  After  injeoling  the  pre- 
ventive serum^  the  senini  of  the  guinea-pig  became  distint^tly 
bactericidal  for  the  vibrio  Metchnikovi,  but  uot  at  all  so  for  the 
cholera  vibrio. 

The  preventive  value  of  a  given  serum  against  the  vibrio  Metch- 
nikim  an'l  aj^aim^t  the  tholcra  ary;anism  may  be  con3part^J,  The 
animal  treated  with  t^crum  acquired  a  means  of  defense  solely 
against  the  vibrio  Mctchnikovi,  It  is  not  proper  llu'n  to  ealt  a 
scrum  preventive  against  such  and  such  a  vibrio  unless  inoculation 
of  thi^  serurn  into  an  animal  endows  the  latter  with  a  markofl  bac- 
tericidal property  for  the  organism  in  question.  The  experiment 
ofl'ered  gives  an  example  of  the  specificity  of  the  pn^vcntivc  power. 
It  by  no  means  proves  that  there  is  no  cliokra  vibrio  or  never  will 
be  a  cholera  vibrio  similar  enough  to  tJic  vibrio  Mctchnikovi,  30  that 
an  infection  by  such  an  organism  might  not  be  prevented  by  a 
aerum  active  against  the  vibrio  Metcbnikovi,  It  indicates  simply 
that  the  preventive  substance  formed  by  the  animal  body  bcarg  a 
dtslinct  relation  to  the  bacterium  which  has  formerly  attacked  the 
animal  and  against  which  it  has  become  immunized. 

We  know  that  the  bacteriridal  jn-livttyof  immune  serum  is  di- 
recteil  only  against  that  s|K'cieft  of  vibrio  UMeil  for  immunization-  To 
what  is  this  specificity  in  bacti-rifiidal  ^Kiwer  clue?  We  have  already 
seen  that  the  bactericidal  substance  in  the  serum  of  immunized 
animals  does  not  differ  from  tlic  weak  non-specific  substance  in 
normal  animals.  The  specificity  and  strength  of  the  bactericidal 
sul»itance  in  the  serum  of  Immuiiiaeil  animals  must  be  due  to  the 
pi-eventive  substance.  The  sjiecificlty  of  the  bacforicidal  substance 
indicates  the  specificity  of  the  preventive  siibstatice,  and  the  pre- 
ventive property  is  specific  to  the  same  degree  that  the  bactericidal 
power  is. 

VIII.    Some  Characteriatics  op  the  Pueventivb  Substance, 

The  preventive  substances  present  in  the  sera  of  animals  immun- 
ized against  different  organisms  are  not  identical.  Tlic  fact  that  an 
infcclion  produced  by  one  vibrio  cannot  be  prevented  by  the  sermn 
of  an  animal  ImMiunized  against  another  vibrio  is  an  evidence  of 
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this  diffGrence.  There  is  distinct  correlation  between  the  preventive 
'flUhstances  and  tbe  baeteriddal  substance*  employed  during  lUe 
prooesB  of  immunization.  It  seems  hard  Lo  realize  a  priori  how  an 
animal  can  be  so  delicately  constructe<l  from  the  chemical  staod- 
poiot  that  according  to  nece^ity  it  may  build  up  from  its  own 
elementa  substances  which  are  preventive,  now  against  one  vibrio 
and  now  against  another.  It  seems,  therefore,  quite  reasonable  that 
the  preventive  substance  may  be  a  eimpic  bactericidal  substance 
more  or  less  transformed  and  changol-  This  wns  the  hypotliesia 
that  Buohner  offered  in  such  infections  asdtphtheria  and  tetanus,  on 
thegroundofcertoiQ  analogies  between  the  properties  of  diphtheria 
toxin  and  antitoxin.  Buchncr  thought  that  antitoxin  was  derived 
from  toxin  since  the  preventive  power  of  a  scrum  depends  on  the 
amount  of  toxin  that  has  been  injected  rather  than  on  the  real 
resistance  of  the  animal  * 

We  do  not  know  the  nature  of  the  preventive  substance  in  cholera 
serum  and  we  have  no  knowledge  concerning  the  toxin  this 
micro-organism  fnrms-  We  rlo  not  know  whether  the  substance 
that  givKi  rise  in  tbe  immuniied  animal  to  the  preventive  suljstance 
is  the  toxin  or  some  other  vaccinating  substnnce  in  the  culture.  In 
the  extremely  vague  position  in  which  we  are  at  the  present  time  it 
is  best  to  review  the  various  profK^rties  which  the  preventive  eera 
fmd  the  bacterial  products  are  known  to  ixjssess,  and  to  note  wliat* 
ever  conditions  and  analogies  occur  in  comparing  these  properties. 

Tlie  culture  pnxiuct??  from  the  cholera  vibrio  have  an  attraction 
for  leucocytes.  Does  preventive  seruni  have  the  same  property? 
And  does  it  differ  from  normal  serum  in  this  respect? 

We  already  know  that  inoculation  of  preventive  serum  into  the 

peritoneal  cavity  causes  an  increase  in  the  number  of  leueoeytes 

there.     It  may  certainly  be  concluded  from  this  fact  that  the  influx 

of  leucocytes  is  due  to  some  attraction  on  ihe  part  of  the  serum. 

Chemiotaxis,  however,  is  not  the  sole  influence  to  which  the  influx 

of  leucocytes  is  due.     It  is  quite  possible  that  it  may  be  one  of  the 

causes  that  produces  this  collection  of  leucocytes,  but  there  is  ccr- 

*  ThiA  fact  haa  b«?n  ^tablished  not  only  \n  tetanus  and  dipbthetia,  where  ft  la 
a  queslioD  oF  losin  and  ftnlHoxin,  imt  iilao  in  inetnncea  where  this  comhfnalioa 
(1d^  nol  occur,  aa.  for  exampJ^,  \u  ilic  aerum  of  ftnimab  vacCLn&led  Ogaioet  tbe 
bog-H^oL^ra  baciUufl  etudied  by  Uetchnikcff. 
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tainly  ivnothor  factor  that  affects  it,  namely,  the  condition  of  the 
capUlarj'  walle.*  feacff  haa  alrea^ly  shown  that  a  substance  with  no 
chemiotactic  influence,  nan^ely,  noraial  salt  solution,  when  injected 
into  the  peritoneal  cavity,  increases  the  number  of  cells  there. 

Definite  information  then  may  be  obtained  by  placing  the  sub- 
stance to  be  studied  within  capillary  tubes  closed  at  one  end  and 
leaving  these  tubes  in  the  peritoneal  cavity  for  several  hours. 

If  the  fluid  in  such  tubes  is  a  gowl  culture  meilium.  careful 
asepsis  must  be  practisech  After  the  tubea  are  examined  under 
the  micnKScnpe  their  contents  may  be  taken  out  and  spread  on  a 
elide.  With  suitable  stains  the  types  of  leueoc^'l^s  present  may  be 
notetl  and  also  the  presence  of  any  nilero-organisin.  The  phenomena 
of  attraction  which  might  be  attributed  to  the  serum  may  be  due 
U)  bacterial  secretion,  and  so  it  is  wi-H  when  telling  the  chemiotactic 
prt»[3(^rty  uf  a  given  fluid  to  place  in  the  peritoneai  cavity,  at  the 
same  time,  tubes  containing  a  fluid  of  which  the  chemiotactic 
pn>[«*rtie3  have  already  been  determined. 

Experiment  16,  {a)  Four  small  bundles  of  tubea  were  placed 
in  the  peritoneal  Ga\ity  of  a  normal  mouse  at  6  p.m.,  and  withdrawn 
IS  hours  later.  Ether  anesthesia  was  administered  duiing  the 
opening  of  the  peritoneum  and  plaping  the  tubes.  The  following 
table  shows  the  effect  of  the  fluiils  employed  on  the  leueocytes. 

Noh  h  Twcnty-fniir  hour  agar  culture  of  the  Mossaouah  xibrio 
9Ut;pended  in  salt  solution  and  stcrihaed  at  100  degrees.  Strongly 
attracting  for  leucocytes^ 

No-  2.  Serum  of  a  rabbit  vaccinated  agaioat  the  vibrio  Maa- 
saouah;  this  serum  is  powerfully  preventive  and  bactericidal. 
Distinct  attraction  for  leucocytes. 

No.  3.  The  same  ?erum  heated  for  an  hour  to  70  degrees  (no 
longer  bactericidal  but  still  preventive).  Distinct  attraction  for 
leucocytes. 

No,  4.   Salt  solutJonoFO.Go  per  cent  No  attraction  for  leucocytes- 

In  the  tubes  containing  (he  sterile  cholera  culture  the  leucocytes 
form  a  thick  plug  not  extending  very  far  into  the  tube.     In  the  tubes 

■  Jt  Ima  already  been  fihov-n  timt  Icacoc/tes  appri>fich  certnia  eubatjuicw  oiving 
to  a  r«ip[ion  TO  clLPini[ral  aub>qUincfH»  but  il  hm  iiul  Ijeeu  pn>VL-d  tIjAt  this  clLemit^ 
taclic  influence  is  ayffieient  to  affect  leucocytes  throufl;h  the  vessel  vail  and  cauBC 
tbeir  emi^arion,  U  may  bo  that  chemiotaxia  13  of  importance  only  aftor  the 
UuQorvtea  have  passei)  tbrouglt  ihc  wall  of  the  capilUry  and  ioU>  the  tissLiog. 
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containing  serum  the  white  corpuscles  penetrate  more  deeply  and 
are  more  scattered!.  Tliis  diffcrenco  in  appearance  is  pfubably  due 
to  the  fact  tbat  in  ttie  t^erum  the  leucocytes  find  a  suitable  Don-tojdo 
mwiium  that  allows  them  to  remain  motile  for  a  longer  period. 

{b)  Tubes  were  plated  in  the  peritoneal  cavity  of  a  normal 
guinea-pig  and  withdrawn  after  12  hours. 

No.  1.  Agar  culture  of  Ma^aaouah  suspended  in  10  c.c.  of  salt 
solution  and  eterilizctl.     Strong  attraction  for  leucocytes- 

No.  2.  Serum  of  a  rabbit  immunized  against  Masfioouah.  Marked 
at  traction. 

No.  3.   Scrum  of  a  normal  rabbit.     Very  slight  attraction. 

No.  4,   Salt  solution  of  0.1)5  per  cent.     No  attraction. 

Thisc  experiments  show  tbat  preventive  serum  baa  a  much  more 
markix!  cheraiotactic  influence  ttian  normal  serum.  It  may  be 
asktiJ  whether  the  leucoe>"tes  of  a  vaccinate^l  animal  are  attracted 
by  its  own  serum.  That  such  an  attraction  takes  place  is  shown 
by  the  following  experiment: 

(c)  A  sj^et^imi^n  of  Mo^xl  wa.^  taken  from  a  guinea-pig  weighing 
420  grams  tliHt  hati  Ixfen  well  vaccinated  againr^t  Ihe  vibrio  of 
Matu^aouah-  Two  days  later  the  serum  was  put  in  tubes  which  were 
plaeeil  Jn  the  peritonea]  cavity  of  tlie  same  animal. 

No.  L  Agar  culture  nf  the  vibrio  Massauuaii  suspended  in  salt 
solution.     Strong  jtttractioti  for  the  leucocytes, 

No,  2.   Serum  htyiu  a  nonnal  guinea-pig.     Faint  attraction. 

No.  3.  Serum  from  the  auimal  useil  in  tUe  experiment.  Very 
distinct  attraction. 

The  following  experiment  also  ehows  that  cultures  of  cholera 
vibrios  will  attract  leucocytes  even  when  they  have  been  suspended 
in  a  rather  large  volume  of  salt  solution. 

(d)  A  normal  guinea-pig  was  used. 

No.  L  Masriaouah  culture  on  a^^r  24  hours  old  suspended  in  5  c»c, 
of  salt  solution.     Strong  attraction. 

No.  2.  The  same  culture  suspender!  in  100  e.c.  of  the  same  solu- 
tion.    Strong  attraction. 

No.  3.  Same  culture  suspended  in  200  c.c.  of  the  solution.  Very 
distinct  attraction. 

CoDfiidcring  these  experiments  collectively  it  is  to  be  notevl  that 
the  senun  of  a  normal  rabbit  or  guinea-pig  has  only  slight  attraction 
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for  the  leucocytes  of  the  mouse^  of  nomml  giitnea-pigs,  or  of  guinea- 
pigs  vBcciiialetl  against  cholera-  The  attraction  of  iUs  serum  of 
immunized  rabbits  or  guliiea-pig^j  for  leucocytes  \s  very  much  more 
marked.  It  will  be  noted  also  that  cultures  of  the  cholera  vibrio 
susjjeuded  in  a  large  amount  of  salt  solution  still  attract  leucocytes 
strongly.  Preventive  serum,  even  when  heated  for  an  hour  to 
70  degrees,  still  attracts  leucocytes, 

The  leucocytes  present  in  largest  numbers  in  these  experimeuts 
are  the  polynuclear  amphophiles. 

Are  there  other  points  of  resemblance  between  the  substances  in 
cultures  and  those  materials  charactcrieLic  of  preventive  serum? 
One  of  the  most  noteworthy  propertits  of  this  scrum  is  that  it  will 
immunize  with  great  rapidity  even  in  a  small  dose.  It  also  may 
be  ahovm  that  very  small  amounts  of  a  slcriliaed  culture  of  cholera 
when  injected  into  the  peritoneal  cavity  24  hours  before  inoculation 
of  the  cultLire  mil  protect  guinea-pigs.  For  example.  1/200  of  a 
twenty-four  hour  agar  culture  of  Maasaouah  was  suspended  in  salt 
solution,  steriliacd  at  100  degrees,  and  injectei.!.  Contmls  that  hiul 
rpceivin!  a  corresponding  dof^e  of  t^alt  solution  i:ontaiiiing  no  bac- 
teria sucrumbed  to  infection,  whereas  the  guinea-pigs  winch  had 
receivi^l  the  tiny  doses  of  culture  rer^iste^i.  An  even  smaller  dose 
of  an  older  culture  was  eijually  succcs^fuL  When  mixwi  in  equal 
volume  with  a  solution  eonts-hiiiig  O.fl  per  cent  of  NaCl  and  O.o  per 
cent  of  KjCO,  and  then  heated  to  100  degrees  these  small  amounts 
of  culturi'  alill  vaccinate.  In  the  same  way  serum  fmni  immunized 
rabbiU  mixed  in  equal  parts  with  this  solution  and  heated  to  100 
degrees,  does  not  coagulate  and  preserves  for  the  most  part  its 
preventive  properties. 

In  view  of  these  facts  the  hypothesis  that  the  preventive  prop- 
erties of  the  serum  arc  due  to  a  conservation  of  certain  vaccinating 
Bubstances  from  the  immunizing  culture  cannot  be  thrown  aside. 
But  if  we  study  the  nature  of  the  immunity  produced  by  small  in- 
jections of  culture  more  attentively  it  appears  to  be  in  no  respects 
similar  to  the  immunity  affortled  by  preventive  scrum.  Follow- 
ing the  injection  of  preventive  aenim,  the  scrum  of  the  animal 
inoculated  acquires  a  strong  bactericidal  power,  but  no  such 
thing  happens  after  the  administration  of  small  amoimt8  of  killed 
vibrio. 
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Experiment  17.  A  small  amount  of  blood  was  taken  from  a 
normal  guinea-pig  (serum  I).  One  twentieth  of  a  cubic  centimeter 
of  an  old  culture  of  cholera  vibrio  {Eastern  Prussia)  was  then  in- 
jected into  the  peritoneal  cavity.  Twenty-four  houra  later  another 
specimen  of  blood  was  taken  (serum  II).  The  bactericidal  property 
of  the  two  sera  against  the  vibrio  was  then  determined  by  gelatin 
plates. 

NUMBER  OF  COLONIES, 


Time  of  cutturefl. 

Serum  I. 

Ssum  II. 

I.   March  17,  1&95,    1  p-U 

3,500 
420 
Iiiiiurn?n5Je 

4,000 
510 

II.   Mareh  17,  1895,    4  p,m 

III.  March  17,  IS95,  11  p-m 

iDDUIOCfttbJB 

As  is  seen  from  this  experiment  the  bactericidal  power  is  not 
increased.  It  is  probable  that  the  injection  of  small  amounts  of 
culture  produces  a  relative  immunity  due  to  the  attraction  such 
substances  have  for  leucocytes.  If  preventive  substances  owe  their 
origin  to  bacterial  products,  as  their  specificity  would  indicate^  it 
is  not  owing  to  any  direct  relation  between  the  two,  but  on  account 
of  some  elaboration  on  the  part  of  the  animal  body. 


EL    STUDIES  ON  THE  SERUM  OF  VACCINATED 

/INIMALS* 

Bv  Da,  JULES   BORDEJT, 
Pfeiffer's   Phenomenon   (The   Extracellul-vr   Granular 

TfiANSFORMATlON   OF  VlBRlOS), 
L    lNTEa?nET\TION8  GiVEN   TO    PfEIFFEE'S  PHENOMENON. 


Pfekffcr  f  found  that  if  a  certain  amount  of  cholera  vibrios  eus- 
peoded  in  bouillon  is  injected  into  the  peritoneal  cavity  of  a  rabbil  or 
guinco-pig  well  immunized  agjunst  choleraj  that  a  certain  number  of 
these  organiama  undergo  within  a  short  time  an  interesting  change. 
They  lose  their  molihty  and  then  contract  into  globules  which  at 
first  are  oval  ajid  then  roundcfi.  These  globules  resenible  cocci. 
They  subsequently  become  easily  stained  and  according  to  Pfeiffer 
they  finally  break  up,  and  in  this  way  the  culture  introduced  ia 
rapidly  destroyeti. 

Tlie  most  important  part  of  PfeilTer'a  discovery  lies  in  the  fact 
that  this  rctrogratle  transformation  of  the  vibrio  takes  place  for  the 
most  part  outside  the  cells.  As  may  easily  be  iraaginc^i  Pfetffer  baa 
dra^iTi  from  these  observations  conclusions  which  would  seem  un- 
favorable to  the  phagocytic  theory.  This  eminent  bacteriologist 
has  still  further  noted  that  the  same  phenomenon  occuis  if  the 
vibrio  Is  given  to  a  iiumial  animal^  provideil  a  small  amount  of 
preventive  serum  is  iiijected  simultaneously.  The  dose  of  this 
serum  varies  naturally  with  it^  activity,  but  if  very  strong  the  dose 
ia  very  small.  The  aemm  causes  the  same  phenomenon  when 
deprived  of  all  bactericidal  property  by  heating  to  (>0  degrees  or  70 
degrees.  Accortling  to  Pfeiffer  the  phenomena  caimot  occur  uilh- 
out  the  codperalion  of  the  living  amniaL     According  to  this  author 
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the  metamorphosis  of  vibrios  ia  quite  apart  from  aoy  leucocj'tic  inter- 
vention and  due  to  the  activity  of  the  endothelial  cells  of  the  per- 
itoneum. When  a  normal  guioea-pig  is  given  a  mixture  of  vibrios 
and  preventive  sernni  the  endothelial  cells  are  stiniulatetl  and  react 
by  rapitlly  secreting  liarmfuJ  dubslancte  which  produce  morpholog- 
ical changes  in  the  vibrios  and  then  destroy  them. 

The  transformation  of  the  \'ibrio,  wliich  precedes  its  destruction, 
gives  evidence  of  the  harm  that  the  bactericidal  substances  In  the 
animal  have  done.  But  these  substances  as  wo  have  already  seen  bo- 
long  to  the  leucoL-ytes  and  it  is  quite  reasonable  to  imagine,  contrary 
to  the  opinion  of  Ffeiffer,  that  the  bacteria  are  maiified  because  in 
the  presence  of  vibrios  the  leucocytes  of  the  peritoneal  cavity  liber* 
ale  into  the  surrounding  fluid  the  subelances  they  have  fonne<l  and 
which  they  normally  retain.  Leucocytes  indeed  show  the  effccta 
of  this  sudden  introduction  of  the  culture  fluid;  many  cells  become 
motionless  and  swollen  or  broken  up.*  Some  of  them  collect  in 
clumps. 

MetchnikofT  has  just  proved  that  this  latter  reasonable  hypothesis 
represents  the  true  state  of  affairs.  He  was  able  to  produce  Pfeiffer'a 
phenomenon  in  vitro  by  adding  to  a  mixture  of  preventive  serum 
and  culture,  leucocytic  extract  from  (he  peritoneal  cavity  of  a  nor- 
mal guinea-pig.  This  experiment  evidently  rules  out  the  function 
which  Pfciffer  has  attributed  to  the  endothehal  cells. 

We  have  pointed  out  in  our  experiments  on  phagocytosis  in 
vitrof  that  vibrios  that  have  been  taken  up  by  normal  guinea-pig 
phagocytes  may  undergo  a  granular  transformation  identical  with 
the  one  describeii  by  Pfeiffer.  Since  the  normal  guinea-pig  has 
only  a  faint  bactericidal  power  the  transformation  of  vibrios  gnea 
on  only  where  the  destructive  substance  is  most  concentrated,  that 
is  within  the  phagocyte.  But  If  the  preventive  serum  is  added, 
as  Melchoikoff  has  done,  the  bactericidal  power  becomes  much 
more  marketl  and  metamorphosis  of  the  organism  may  be  noted 
not  only  in  the  phagocyte  but  also  in  the  surrounding  fluid. 

"WTiatever  may  be  the  ultimate  conclusions,  PeifTer  has  made  a 
great  contribution  to  the  study  of  immunity.  By  this  visible  and 
microscopically  detectable  alteration  the  vibrio  shows  the  effect 

*  EliG  MetcbuikofT,  Ann&led  do  I'lnstilut  PoateuTT  Juae,  1^5. 
t  See  p.  33, 
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that  bocly  fluids  have  upon  it  antl  acts  therefore  as  an  index  of 
bactericidal  properties  of  tlie^'  fluids. 

We  liave  done  a  number  of  experiiuents  with  Pfeiffer's  phenome- 
non for  various  pur|3oses  which  we  shall  consider  colleetively  for  the 
purpose  of  exposition.  The  method  employed  was  uniform  and 
may  be  detailod  once  for  all. 


IL     Tae   Production  of  Pfeiffer^s  Phevohenon  m  Vitro 

THEOLGH  THE   COMBINED  ACTtON    OF  PUEVENTIVE   SeRU?^ 

AND  Normal  Serlm- 

Metchnikoff  produced  Pfeiffer's  phenomenon  in  vitro  by  mixing 
the  cholera  vibrio  with  fireventive  serum  and  then  adding  leu- 
cocytes drawn  from  the  peritoneal  <?avity  to  this  mixture.  These 
leucocytes  may^  however,  come  fn^m  another  source.  We  hare 
found  that  the  cholera  vibrio  {OrieTUal  Prussta)  ts  rapidly  changed 
into  rounded  Qtanxdes  tvhen  placed  in  a  mixture  of  preivrdine  serum 
and  dejibrinated  blood  of  a  normal  guinea-pig.  The  control  of  de- 
fi!jrinate<Ll  blotxl  without  preventive  serum  gave  a  negative  result. 
When  the  s|Jecifiu  serum  ia  absent  the  ^reat  majority  of  the  vibrios 
remain  quite  motile  and  extracellular  changes  only  rarely  occur. 
The  Icucocytcd  of  the  dcfibrinated  blo<jd,  to  be  eure,  tahe  up  a  few 
vibrios  that  become  transformed  within  the  protoplasm  of  the 
leucocyte,  but  the  preventive  3crum  13  necessary  to  produce  trane- 
fonnalion  in  the  surrounding  fluid, 

Metamorphosifl  takes  place  under  these  conditions  quite  o^  well  as 
in  the  animal  body,  but  more  rapidly  at  body  temperature  than  at 
room  Icmperalure,  The  deiibrinfttetl  blood  used  in  the  experiment 
may  be  obtained  from  various  animals;  guinea-pig,  rat.  rabbit,  or 
goat,  but  human  or  guinea-pig  blood  gives  the  most  distinctive  and 
demonstrable  granulations.  In  preparations  with  rat  or  rabbit 
bloml  it  i-s  rather  difficult  to  find  the  vibrios,  as  the  bactericidal 
effect  ia  apparently  so  intense  that  the  granules  rapidly  lose  their 
staining  reaction. 

The  preventive  serum  used  may  have  Ixs-n  kept  for  some  time, 
but  the  dcfibrinated  bloorl  from  the  normal  animal  must  have  been 
obtained  recently.  When  kept  ff»r  a  few  days,  even  if  protected 
from  strong  light,  it  loses  some  of  its  properties. 
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The  amount  nf  prcveoUve  serum  necessary  in  the  experiment  may 
be  very  £jxm\\.  If  ihe  eenim  is  very  powerful  the  slightest  amount 
brings  about  the  phenomenon  very  well. 

Defibrinated  blood  ia  a  mixture  of  eenim  and  oolla.  Are  the  cells 
necessary  to  produce  Pfciffcr's  phenomenon?  If  we  mix  in  a 
hanging  tirop  a  small  amount  of  preventive  scrum  and  of  perfectly 
clear  normal  senim»  free  from  celb,  and  then  add  a  suspension  of 
cholera  vibrios,  it  is  found  that  the  organisms  soon  give  a  complete 
transformation  phenomenon.  It  is  evident,  then,  that  the  phe- 
nomenon may  ocuur  witJiniit  the  presence  oF  the  cellular  portion 
of  the  blood.  We  have  already  nntetl*  that  the  addition  of  iL 
small  amount  of  preventive  serum,  even  when  heatei.l  to  00  degrees 
nr  70  degrees  and  so  deprive*!  of  bactericidal  power,  endows  normal 
serum  with  strong  baetericida!  pnjperty  for  the  vibrio.  We  were 
able  to  demonstrate  ihiK  pnj[ierCy  by  the  gelatin  plate  methot.! :  we 
shall  also  show  that  it  may  be  demonstrate!  by  the  phenomenon 
of  granular  transformaLion.  Later  on  we  shall  return  to  a  dL*- 
cUBsion  of  the  relation  of  this  experiment  to  immunity.  Let  ua 
consitler  for  the  present  its  practical  application  as  a  means  of 
diagnosis  of  the  cholera  vibrio. 

Ill,      DrAGNOSIS  OP  THE  ChOLERA  VrBHiO  BY  PfEIFFER'b 

PaENOMENON   TN  VrTRO. 

It  is  well  known  how  difficult  it  is  to  determine  the  exact  proper- 
ties of  the  cholera  vibrio  aiid  c*maequen(ly  how  difficult  it  is  to  dis- 
tingia-h  it  from  ol  her  jiimilar  vibriria.  The  diagrnsis  of  the  cholera 
vibrio  in  the  dejecta  of  patitiiLs  is  not  of  great  importance  during 
a  declared  epidemic  of  typical  cholera.  It  is  quit*  anoUier  mutter 
in  isolatei:!  tiasew  of  choh^riform  enteritis.  It  h  very  important 
for  hygienic  reason.'^  under  these  eondiUons  to  be  able  to  say  posi- 
tively ^vhelher  or  rot  the  dangerous  organisin  is  present, 

Pfeiffer  and  Issaeff  t  claim  a  specificity  in  the  bactericidal  and 
preventive  p>wer  of  the  serum  of  animals  vaccinated  against 
cholera,  ami  the  exjx-riments  timt  we  have  mentioned  previously 
led  us  to  corn)l*orate  these  conclusions. 

The  German  scientists  have  used  a  serum  from  animals  immunized 
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against  ail  iindoubted  cholera  vibrio.  By  injeL-ting  this  scrum  they 
produc*?  a  passive  immunity  in  guinea-pi^  again^^l  the  cholera 
vibrio.  If  a  palhogptiic  vibrio  from  a  su.specte<l  caec  of  enteritis  is 
subsequently  injetled  into  theeo  iTnmunizi%l  aiiimaJe  they  do  not 
succumb  ]f  the  vibrio  ig  a  inie  clmlera  or^anisiii.  If,  on  the  olhcr 
hand,  the  animal  duo^  succumb,  they  conclude  that  the  culture  is 
not  the  authentic  Kt«h  vibrio. 

Pfeiffer*  hn^  rcccnlly  nio<[ified  and  slmpUficd  thi;?  diagnostic 
pri^calure.  Ho  inoculates  a  normal  guinoa-pi^  with  a  bouillon 
culture  of  the  auppcctcti  or^nism  to  which  a  ,^mall  amount  of  anli- 
cholera  scnmi  ht^  been  added  Jf  the  organism  in  question  is  a 
true  cholera  ^nbrio,  granular  transformation  takes  place. 

Granular  traa'^fonnation  is  indicative  of  a  baetericidal  cifctt  by 
the  aurrounJing  body  fluid  on  the  vibrio.  This  bactericidal  power 
is  specific  and  affects  only  tho?e  vibrios  which  are  identical  with 
the  one  useil  to  immunize  the  ajiiuial  from  which  the  serum  is 
taken.  In  a^lclition  to  PFeiffer,  Dunbar  ha^  more  recently  shown 
by  numerous  ex]jeiiments  that  those  orgiuii?^rrw  which  resemble 
Koch's  vibrio  cultnrally  may  be  c^onsidereil  to  be  true  cholera 
vibrios  if  they  untlergo  granular  tJi -generation  when  injected  with 
oholem  serum  into  the  peritoneal  cavity  of  a  normal  giiinea-pig. 
This  means  oF  diagniisis  does  nut  rei^uire  much  werum^  but  is  ei>.stly 
on  account  of  ihe  animals  useii  aii[l  the  time  con?^umed  if  tfiere  arc 
a  large  number  of  vibri(.js  to  examine,  or  if  there  is  no  well-efjuippecl 
laboratory  at  hand.  It  would  therefore  lie  very  desirable  to  use 
for  diagnosis  the  melhoi]  indicated,  which  consists  essentially  in 
the  production  of  Pfeiffer'a  phenomenon  in  vitro  by  means  of  the 
coml:>ined  action  of  preventive  senun  and  blood  or  serum  from  a. 
normal  animal.  Thi^  method  is  very  easy  antl  economical  and 
requires  only  small  amounts  of  preventive  serum  and  fre?;h  blood, 
A  few  drops  of  blootl  obtained  by  puncture  and  taken  in  a  capillary 
tube  will  give  a  drop  or  two  of  scrum  which  is  sufficient  to  examine 
several  specimens. 

Let  us  consider  first  whether  the  granular  transformation  in  vitro 
with  our  pcrum  occurs  with  vibrios  belonging  to  species  other  than 
that  of  the  Koch  vibrio  as  defiuofi  by  Pfciffer. 

Each  of  the  ^Hbrios  found  in  the  following  table  was  placed  with 
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&  mixture  of  llic  two  sera,     TliP  sign  +  indicates  ih&L  a  [tositive 
granular  transfarmatioit  took  place. 


Vibilofl, 


E&fitem  PruaaLa„ .^  i 

Holland,  A.B.C.J>,E.y 

Angers 

Dnnuig 

Haakia  <Agra). ................ 

Folfcr   

Pilon  rSaint-Dcois,  fromNetter) 

fnovrazluff -  - .  ■ 

CojiBtantinople.  A,  B,  C.  D,  E,  F, 

G.H.I,  J.K  tNicolle) 

Cbbseqo- -  -    .    .-.--.-- 


Vibrboa. 


HEkmburg , . . . , 

Hambufg  (PJeJfferJ 

Parifl,  1894 

Suinl-Cloud 

VJbria  MttcliDikavi 

Nordbckfea  ...--,. -  - . . . 

FJnkler 

01U»  (Sainl-DeniB^Netter)   ,. 
.Sakhoroff      J  vibr.  from  Tif 
RechUHUtner  i      Ms  water 
Calcutta.   
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Certain  of  these  vibrios  that  give  Pfeiffer's  pheaonienon  will  also 
show  it  to  a  certain  extent  in  normal  serum  without  the  addition  of 
cholera  serum.  Thcseare  the  slightly  virulent  Anbrio.s  which  arc  very 
susceptible  to  the  normal  protective  agents  of  the  animaJ  body- 
Tlie  most  remarkable  of  these  organisnia  in  this  respect  is  vibrio 
"  G."  from  Constantinople,  It  should  be  noted,  however,  that  this 
granular  transformation  of  vibrios  by  rormal  aerum  is  always  rather 
limited  antl  is  rarely  comparable  to  that  causwl  by  the  norincJ  serum 
plus  cholera  serum.  ^\s  a  general  rule  the  addition  of  a  very  small 
amount  of  preventive  scrum  suffi::c3  to  produce  the  phenomenon 
in  vitro.  The  technique  that  we  uaually  employ  is  the  following: 
A  drop  of  24-hour  culture  suspended  in  C  e.c-  of  salt  solution  is 
placed  on  a  slide ;  to  this  drop  is  added  a  loop  of  anticholera  serum. 
To  one  drop  of  IhLs  mixture  is  ai^ided  a  similar  drop  of  nonnal  f^erum, 
A  slightly  larger  amount  of  serum  is  necessary  to  cause  the  phenom- 
enon in  PfcifTers  organLsm  or  in  the  vibrio  from  Saint-Cloud. 
It  is  not  surprising,  however,  that  certain  varieties  shouH  resist 
better  than  others. 

Vibrios  that  do  not  give  the  phenomenon  in  vitro  also  fail  to  give 
it  when  injected  with  cholera  serum  into  the  peritoneal  cavity  of 
animals.  There  w  tiierefoTe  complete  correJipondence  between  these 
in  vitTo  exj)cnment»  and  experiments  in  the.  limng  animal.  This 
method,  then,  may  certainly  be  utilised  as  simpler  and  less  expen- 
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sive  tlian  Pfeiffer's  method  af  Lliagnosis.  Certain  general  rules  ol 
tech[uc|ue  sJiouIlI  be  followed  to  insure  unifoniiUy: 

A  24-hour  culture  of  the  vibrio  to  be  eKamined  is  suspended  in 
from  5  to  7  e,c,  of  bouillon  or  normal  salt  solution.  Two  drops  of 
this  suspension  are  then  dropped  from  a  fiue  capillary  tubo  on  a 
slide  or  in  a  watch  glass;  a  drop  of  preventive  cholera  serum  is  thou 
added  (a  serum  supposetily  as  strong  as  our  own).;  &s  a  matter  of 
fact,  this  dose  is  considerably  more  than  is  nceei^sarj',  but  it  k  well 
to  use  a?^  much  as  this  on  the  chance  of  dealingwith  a  von'  resistant 
vibrio.  A  email  platinum  loop  of  this  mixture  ia  then  taken  and 
placed  on  a  cover  dip,  and  a  small  drop  of  fresh  normal  serum  is 
abided  by  means  of  the  same  loop  after  storihaing  it.  Dcfibrinated 
blood,  of  course,  may  be  usctl  in  place  of  scrum  or  simply"  a  frcs^hly 
drawn  drop  of  human  blood.  The  drop  of  nonnal  scrum  is  mixed 
vhith  the  other  drop  end  the  cover  slip  applied  to  a  hollow  ground 
slide  and  sealed  with  vaseline.  The  slide  is  then  placed  for  two 
hours  in  the  incubator,  which  lime  is  quite  sufficient  to  obtain  a 
complete  transform  at  ion.  \Vc  emphasise  these  details  because  the 
three  factors — vibrio,  normal  scrum  and  preventive  serum — should 
be  uj*eil  in  rather  exact  proportions.  It  is  well  to  make  two  control 
preparations  at  the  same  time  and  by  the  same  method-  One  of 
tlicse  bli*nild  rantftin  a  typical  Kot^h  vibrio  that  is  known  to  give  the 
phenoineuon  rapidly  with  acli^'e  serum.  Fmm  this  eantr()l  we 
learn  whether  enough  of  each  serum  has  been  usal.  A  seeond  con- 
trol is  made  with  the  vihrio  to  l>e  examined,  nonnal  serum,  antl 
a  drop  of  salt  solution  in  the  place  of  the  prevenlive  serum.  Thi?s 
seeontl  control  will  imhcate  whether  ihe  organism  In  question  is 
very  attenualftl  and  so  liable  to  t ransfon nation  by  the  normal 
serum  alone  without  any  cholera  serum.  If  the  second  control  also 
gives  Pfeiffer*s  phenomenon,  whieh  is  unlikely^  no  definite  conclu- 
sion may  be  drawn  as  to  the  pathogenic  nature  of  the  organism 
examined. 

Since  the  preparations  remain  only  two  houra  at  body  tempera- 
ture, perfect  asepsis  to  prevent  growth  of  other  contaminating 
bacteria  is  unneeessar^'.  Examination  may  be  macic  either  in. the 
frc^h  condition  or  by  means  of  staine^l  preparations.  TNcre  i?  fre- 
quently some  difficulty  in  staininp  the  granules,  particularly  when 
the  preparation  has  been  left  too  long  in  the  inculjator  and  the 
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refiction  has  gone  too  far.  Carbolaled  Ihionin  is  a  good  stain  to  use. 
Tlic  slide  is  lixeJ  by  heat  and  stained  for  one  niinule  with  thi<jmn 
ain.1  then  differentiated  in  water  until  there  is  no  longer  any  notice- 
able difl'usioD  of  the  stain  (about  ten  minutes  when  there  are  many 
blood  corpuscles  present  or  four  or  five  minute?  when  clear  serum 
has  been  used).  The  granules  stain  a  purplisb  blue;  the  red  blood 
corpuscles  greenish.  If  the  preparations  arc  left  too  long  in  water, 
the  granulations  will  be  completely  decolorized.  The  formation  of 
thionin  cr>-slal3  may  be  avoided  by  dri'ing  the  preparation  with 
filler  paper.  The  preparations  may  also  be  stained  with  a  con- 
centrated aquooQd  solution  of  methylene  blue  or  by  a  very  dilute 
solution  of  Ziehl'a  fuclisin.  When  the  methylene-blue  atain  is  used, 
fixation  by  a  saturated  solution  of  picric  acid  is  recommended,  with 
a  counterstain  of  alcoholic  eosin. 

This  method  is  evidently  only  a  modification  or  rathera  simplifica- 
tion of  the  method  that  Pfeiffer  has  described.  It  depends  on  the 
fia,me  principle  and  its  value  is  equally  open  to  criticism.  Are  we 
indeed  sure  of  the  diagnostic  value  of  these  results?  Owing  to  the 
specificity  of  bactericidal  sera,  it  seems  to  us  that  if  an  organism 
agn?Gs  culturally  and  gives  this  phenomenon  with  a  true  antichoJera 
serum  we  may  identify  it  as  a  true  cholera  vibrio,  Bnt  if,  on 
the  other  hEmd,  we  are  dealing  with  an  organism  obtaine*!  from  a  ease 
that  clinically  resembles  cholera^  and  this  organism  possesses  the 
morphological  and  cultural  peculiarities  of  Koch's  vibrio  but  fails 
to  pvethis  reaction  with  cholera  serum,  we  should  not  be  author- 
izeil  in  saying,  with  our  preeenl  knowlwlge,  that  the  vibrio  in  ques- 
tion ifl  not  identical  wuth  the  cholera  organism  and  that  the  case 
is  not  ODG  of  true  cholera.  Different  cholera  vibrios  from  various 
sources  phow  variations  in  their  resistance  to  serum.  More  scrum 
is  ncccseary,  for  example,  to  transform  the  Saint-Cloud  vibrio  than 
the  vibrio  from  Eastern  Prussia.  Although  the  sera  that  ono 
employs  arc  active,  they  have  nevertheless  their  limitations.  If 
the  Saint-Cloud  organism  bad  been  slightly  more  resistant  or  the 
aerum  wx  used  slightly  weaker,  we  should  not  have  obtained  the 
phenomenon-  It  is  far  from  being  proved  that  there  may  oot  be 
organisms,  which,  although  essentially  true  cholera  organisms  and 
of  the  same  species  as  the  Koch  organism,  may  not  have  been 
more  highly  differentiated  as  reganls  resistance  to   destructive 
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organic  substaDces  Lhaii  usual.  And,  what  is  more,  it  has  by  no 
means  \iten  prnv(*ii  tliat  organisms  that  differ  si  ightiy  from  Koch 'a 
organisms  are  incapable  of  producing  cholera.  For  example, 
the  vibrio  of  Massaouah.  which  is  unlike  the  cholera  organisma 
usually  met  with,  Is  unquestionably  a  cau&e  of  cholera.  (Fcrmi'e 
BXpLTlinentO  This  organism,  however,  does  not  fulfill  Pfeiffer's 
condition. 

Nevertheless,  since  the  majority  of  cholera  vibrios  recovered 
from  the  stools  of  cholera  cases  ^ve  the  phenomenon,  the  method 
may  be  recommended,  with  a  certain  reeervc  a^  to  negative  rcEUlte. 


l\\    Ppeiffer's  Phenomenon  with  the  vibrio 
Metchnikovi. 

Will  all  vibrios,  even  the  most  virulent  of  them,  undergo  trans- 
formation outride  the  protoplasm  of  leucocytes  when  injecictl  into 
the  peritoneal  cavity  of  Bpecifically  immunized  guinea-pigs?  I3 
the  vibrio  MeLchnikovi,  the  virulence  of  wliich  is  recognized, 
easily  altereil  by  the  peritoneal  fluid? 

We  injected  ^0  of  ^  24-hour  agar  culture  of  vibrio  Metchnikovi 
into  a  guinea-pig  immuniced  by  repeated  injections  of  killed  or 
living  cultures.  The  eerum  of  this  animal  was  highly  preventive. 
The  organisms  were  rapidly  clunipetl,  but  very  few  of  them  were 
ifiorpholo^Cftlly  changctL  After  an  hour^  for  example,  in  addition 
to  the  majority  of  intact  vibrios,  a  few  individuals  were  found  in 
these  clumps  broken  up  into  fine  granulations  and  others  that 
atainetl  jKJOrly,  but  were  morpholngieally  intact.  The  typical 
trans  format  inn  into  large  granulations  was  only  to  l)e  found  in 
the  protoplasm  of  poljmurlear  leucocytes  which  contained  intact 
vibrios  9S  well.  One  or  two  hours  after  injection  the  leucocytes 
were  found  clumped  together.  Later  they  increased  in  number  atn.1 
many  wore  socn  scattered  throughout  the  fluid;  6  hours  after 
injection  the  number  of  leucocytes  was  relatively  large  and  the 
vibrios  were  few.  lo  a  preparation  from  the  exudate  6  hours 
and  20  minutes  after  injection  an  unphagccyted  and  morpho- 
logically intact  clump  of  vibrios  was,  however,  notaL  It  is 
evident,  then,  tb&t  not  all  Wbrios  undergo  granular  transformation 
equally  well. 
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V,  FicroKa  Concerned  in  the  Phoduction  of  Pfbipfer's 
Pbenomenon  in  vitbo. 

Let  us  consider  the  experiment  for  producing  the  granular 
transformation  of  the  cholera  vibrio  in  vitro  by  the  combination 
of  uonnai  scrum  and  serum  of  an  immimizeil  goat,  Wc  repeat 
tliat  it  is  not  itecessarff  for  cells  to  be  pres&d  eillter  in  iJte  preveiir 
Live  serum  cir  in  the  normal  &enim  to  produce  a  cortipletE  Pfeiffer's 
piterutittenon^ 

There  are  three  factors  necessary  in  tJie  experiment;  each  of  these 
factors  may  be  studied  In  tuni  ami  we  may  determine  whether  there 
are  conditions  that  render  the.se  facU^m  unfiL  to  produce  the  phe- 
nomenon and  also  whether  any  ore  of  them  may  bt-  omitted  or 
replace*!  by  any  other  factor.  The  first  factor  is  the  choJcra  vibrio. 
We  have  already  &cen  that  the  cholera  vibrio  from  E^tom  Prussia 
which  was  used  iu  producing  the  anticholera  serum  may  be  n^placed 
by  any  other  of  the  true  vibrios.  There  are  two  other  factors:  the 
normal  &erum  and  the  preventive  eenmi.  la  the  presence  of  both 
of  these  eub&tancee  necessary?  Ormayoneof  thombeomitleri  and 
the  phenomenon  stilJ  occur?  These  are  the  firet  questions  that  arise. 
We  alrcatiy  know  that  the  normal  senun  employed  hoe  Uttle  or  no 
power  in  itself  to  change  the  form  of  the  vibrios. 

The  pre^'eative  serum  used  in  these  studies  was  from  a  goat  that 
had  been  well  vaccinated  against  the  Eastern  Prussia  vibrio.  It 
produces  no  transformation  of  vibrios  in  any  dose  when  not  asso- 
ciated with  normal  scrum.  When  used  alone  the  only  effect  that 
thifl  serum  haa  on  vibrios  is  to  immobLhae  them.  A  very  small 
amount  of  scrum  rapidly  paralyzes  their  motility-  It  is  also  to  be 
noted  that  the  vibrios  collect  in  small  clumps  in  the  Add.* 

The  serum  we  first  uaed  had  been  drawn  from  the  goat  three  weeks 
previous  to  our  expcrimentep  It  might  reasonabfy  be  supposed 
that  during  this  perio<i  the  serum  had  lost  some  of  its  properties, 
since  it  is  known  that  the  bactericidal  substance  i&  easily  affected, 

*  Wc  have  not  bcaoabloto  Jocidc  whether  this  dumping  id  aa  active  phenome- 
uou  due  lu  Hk  vibrio  iteolf  or  a  purely  phjBical  affair.  If  the  red  bl*>i  cella 
of  ■  normal  gU]neB*pig  ure  pineal  [ntheirprop^j'Beriim,  IheydilTuHeimiFurmlyund 
■oon  collect  ol  the  bottom  of  iim  Imngiag  drop.  But  when  our  protfjetvJ  gOAt 
teniij]  is  abided  to  such  nonaal  serutii  tht  curpusclcs  collect  in  am&ll  separate 
elumpi  aod  give  the  drop  a  ^nulor  appearance. 
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AnJ  this  iclea  proved  to  be  correct.  We  then  tried  recently 
obtftinwl  serum  from  the  same  anima).  This  freah  sETum  brings 
afiout  trajinformaiion  nf  the  vibrio  idlhniU  (headdt'tionofnonnalserum. 
The  ph'?nomGnon,  to  be  sure,  was  not  complete;  there  were  &  few 
vibrios  that  remained  unaltere^t  anti  others  that  seem  to  have  been 
kiUed  without  any  raodificallDn,  since  they  failed  to  lake  the  stain. 
The  immunized  goat  serum  is  not  as  suitable  a  medium  in  which  to 
demonstrate  trans  formation  as  is  the  eerum  or  blood  of  a  vaccina(<id 
guinea-pig.  pyesh  immime  serum  Jrotn  this  taller  animd  also  brings 
aiitml  lomplctc  tratisforination  without  the  sltghtcfit  necessity  for  tJte 
addttioji  of  rwrmal  serum. 

Lot  UP  consider,  first,  a  preventive  senim  which  does  not  alone 
cause  the  granular  transformation.  Since  the  aid  of  nonnal  scnim 
is  neceasory,  we  may  better  study  the  influences  (hat  affect  its 
actinty. 

All  the  follovring  experiments  have  been  modeled  after  a  funda- 
mctital  experiment  and,  in  order  to  be  comparable  with  it,  they 
have  all  been  performed  in  an  identical  manner:  a  single  factor^  the 
norma]  sserum,  ha-s  been  modifietl.  The  haoging  drops  examined 
were  always  maxle  in  the  same  way: 

The  hanging  dro]>3  were  matle  from  two  equal-sizftl  drojjs  placed 
side  by  side  on  the  slide  anil  then  mixai.  These  two  drops  were 
eaeb  from  the  same  platinum  loop.  One  of  the  drops  consists  of 
the  fluid  whose  bactericidal  property  is  tested  (in  this  case  the  nor- 
mal scrum)  and  the  other  consists  of  an  emulsion  of  vibrios  (2-l-hour 
agar  culture  suspended  in  6  c.c.  of  normal  salt  soliftion^  mixed  or 
not,  as  the  case  may  be,  with  the  preventive  serum.  This  latter 
mixture  was  made  as  follows:  A  drop  of  the  emulsion  of  vibrios 
was  dropped  from  a  capillary  tube  into  a  watch  glass  and  to  it  & 
krge  platinum  loop  of  preventive  serum  was  adde^i.  The  pre- 
ventive serum,  then,  in  the  final  hanging  drop  is  verj'  small  in 
amount,  much  less  than  the  normal  i^crum.  Controls  were  also 
maiic  in  each  ia'itancc  by  using  an  emulsion  to  which  no  preventive 
scrum  had  been  added.  An  experiment  may  be  represented  by 
this  abbreviation: 


or 


Cholera  +  preventive  goat  serum  +  normal  eeram, 
Cholera  +  normal  serum. 


STUDIES  ON   THE  SERUM   OF  VACCJNATEU   AMMALS         67 


In  the  tables  that  foUow  the  -f  eign  indicatca  that  the  granukr 
transrorrDatioQ  look  place.  Now  that  we  have  considered  the 
technique  certain  points  may  be  considered. 

Firti.  Doe^  the  method  of  obscriGjion  indicated  show  ddicaie 
differences  in  bncttnddal  poiccr  bdnx^^n  twn  jluid&f 

It  is  already  known  that  normal  serum  alooe  will  eometimca  pro- 
duce a  partial  transformation  of  the  vibrio,  but  thiseffecl  is  relatively 
elight.  We  ai*o  know  that  the  injection  of  normal  serum  or  even 
bouillon  into  the  peritoneal  cavity  of  a  normal  guinea-pig  increases 
within  certain  limits  the  non-specific  hacteriniial  pro[x?rt,y  of  this 
guinea-pig^ft  ^eruln.  This  iticrease  in  bactericidal  profierty  may  be 
detected  by  our  methttd,  A  small  amount  of  blood  is  taken  from 
a  guinea-pig;  the  animal  ls  then  given  4  c.c.  of  normal  guinea-pig 
serum  and  24:  hours  later  a  new  specimen  i»f  blomi  is  taken.  The 
efTect  of  these  two  sera  on  the  cholera  vibrio  without  the  atlditioQ 
cf  eholera  serum  is  then  determined.  A  relatively  weak  culture  ia 
used.  Since  no  preventive  serum  is  use^l  the  transfonnfltion  of  the 
vibrios  with  either  of  these  sera  is  only  partial.  It  may,  however^ 
be  noted  that  the  serum  obtdncd  from  the  animal  after  injection 
of  normal  serum  causes  metamorphosis  in  many  more  vibrios  than 
does  the  serum  obtain^l  before  injection;  there  are  also  many  more 
non-motile  vibrios.  The  difference  between  the  two  preparations 
ia  ver>'  distinct  and  demonstrates  the  delicacy  of  thia  method.  We 
repeat  that  the  phenomena,  although  relatively  different  in  degree, 
arc  only  partial  in  both  instances  and  incomplete  unless  a  drop  of 
preventive  serum  is  added. 

Second,  /a  the  baclcriridal  substante  of  normal  serum  still  preserU 
in  the  blood  of  amnuUs  ihat  have  succutnhed  to  certain  infechons  or 
ijUozicaiions?  Is  it  also  present  in  the  animals  tfuU  have  been  immu' 
ni^ed  against  organisms  other  than  (he  cholera  vibriof 

The  blood  of  a  guinea-pig  that  had  dietl  of  anthrax,  the  blood  of 
a  rabbit  that  had  just  succumbed  to  a  pncumococca=i  infection,  the 
pleural  exudate  of  a  guinea-pig  that  had  dieii  of  diphtheria  toxin^ 
and  the  binod  of  a  guinea-pig  that  liad  been  vaccinateil  against 
cholera  and  had  died  of  cholera  toxin,  all  gave  PfeilTer's  phenomenon 
in  the  prpsente  of  cholera  fsenim.  The  blond  of  the  la^st  animjil,  in 
spile  of  the  fatal  intoxication,  brought  about  PfeilTer's  transfor- 
mation without  the  addition  of  cholera  serum,  that  is,  the  blood 
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K             remained  both  bactericidaJ  and  preventive.    The  peraisteocc  of  tho          fl 
H             preventive  power  under  iLese  conditions  has  alrea^Jy  been  noted  by          ■ 
H              MetchnJkofT.     The   blood   of  guinea-pigE   JmiDiinized   against  the            H 
H              vibrio   Metchnikovi  or   the  Ma£.saouah   \nbno  and   incapable   of           H 
H              producing  the  phenomenon  alone,  produces  it  very  well  when  added     ^^H 
H              to  the  preventive  cholera  serum.                                                             ^^H 
H                  The  bGctrrin'dfd  .substawe,  thtrn,  is  to  ?Je  fttund  geturallij  in  ex~     ^^H 
H              perimeTUal   anif/iah    and   persietn  t^en   after  fatal  in/ectirms^     It           1 
H              occurs  both  in  the  blood  of  vaccinated  animals  and  in  nouiial            H 
H              animals.                                                                                                               H 
^M                  Third.     The  effect  of  tieat  on  Oiefre^h  defihrinated  hlood  {or  serum)           H 
^^^        of  a  rwrmol  guinea-pig.                                                                                    ^ 
^^^P           Fresh  blood  eerum  from  a  normal  guinea-|ag  was   placed   in 
^^^^        several  tubes.     One  of  these  tube^^  sva^  Ifft  unhoatei.1;  the  others 
^M              were  heated  for  5  minutes  to  temperatures  of  50  degrees,  55  degrees, 
H              eO  degrees,  and  64  degrees  respectively. 

^^^^^H                                                               Han^tne  dropa. 

enon 

^^^^         Cholera  +  preventive  goat  aemm  +  unhented  normal  Mrum  ,,,-... 

+ 
0 
0 
D 

^^^H                                                                              " 

H             From  this  table  wc  may  conclude  that  the  bactericidal  substance 
H             of  normal  scrum  necessary  to  produce  Pfciffer'a  phenomenon  is 
H               destroyed  if  the  serum  is  heat<xl  for  5  minutes  to  from  50  liegrcca 
H              to  55  degrees.    It  may  be  noted  that,  even  in  those  lubes  where 
H              there  was  no  transformation,  the  vibrios  were  motionless   and 
H             eKmipc<l    owing   to   the  continued    presence  of  the   preventive 
^^^        serum, 

^^^P          Fourth.    The  effect  of  heat  on  the  prevenlLve  serum.    PfeiCfer  has 
^^^         recently  shown  that  preventive  serum  heated  to  G5  degrees  still 
H              produces  metamorphosis  of  the  vibrio  when  placed  in  the  peritoneal 
H               ca\'ity  with  the  cholera  organism.     The  same  fact  is  true  in  vitro- 
H              It  is  interesting  lo  considpr  the  effect  of  heat  on  quite  fre^h  serum 
H              from  an  immunised  guinea-pig;  as  we  have  already  seen,  this  senim 
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aJone  produces  PFciffer'a  phenomenon  without  the  aid  of  normal 
seruniH  Tubes  of  fresh  scrum  from  well-immunized  guinea-pigs 
were  heated  to  60  degrees.  55  degrccfi.  60  degrees,  and  64  degrees 
for  5  minutes.  Each  one  of  these  sera  was  then  mixed  with  an 
emulsion  of  cholera. 


HAiif  in?  dropa. 


Cholera  tEaalern  PriJiBift)  +  nomiQlG.p  strum 

"  "  +  unliefllfti  preventive  seTum+  DormalG.p.aeruin 

*'  "  +  unhcnted  prpvpntiv©  »*erum. 

■*  "  +  preveolivt  serum  fltT , 

"  "  +  prevenUvo  aeruru  55". .^,, ,..-,..,._.... . 

"  "  +  preventive  ecrura  €0**. -  - .  - . 

"  "  +  provontive  scrtim  €0"  +  normal G.p.flcrum 


Ptienoni- 


As  niay  be  seen  from  this  table,  serum  heated  to  50  degrees  trans- 
fonns  the  vibrio;  heateil  above  this  temperature  it  has  no  effect. 
Tlie  bacterieidal  substance  in  the  serum  of  jnimunlsetl  animals, 
then,  is  destroyed  at  the  same  temperature  as  in  normal  animals. 
But  this  heated  serum,  whieh  alone  cannot  produce  Pfciffer's  phe- 
nomenon, brings  it  about  perfectly  well,  and  a|3parently  with  undi- 
minished vigor,  when  normal  serum  is  added.  In  other  words^ 
normal  serum  restores  to  the  immune  eerum  the  property  lost  by 
heat.  A  mixture  of  two  fluids,  each  of  whieh  alone  has  no  bacteri- 
cidal property,  forma  a  fluid  that  has  high  bflclerieidal  property  for 
a  specific  organism.  We  have  already  described  this  experiment 
and  in  the  previous  description  we  demonstrated  the  regeneration 
of  bactericidal  powcr^  not  by  means  of  Pfeiffer's  phenomenon,  but 
by  gelatin  plate  cultures. 

What  conclusions  may  be  dra^n  from  these  facts?  Wc  have 
alrca-ly  considered  them  partially  and  these  experiments  only 
crmfirm  them.  li  toould  seem  as  if  the  serum  of  vaccivatGd  Qnimals 
had  no  particular  hacten'cidalsjibstance,  but  thai  a  similar  bactericidQl 
suK-^laiuic  IB  present  in  the  btood  of  normal  as  v?ell  as  of  immunized 
animals.  Tlaia  bacteiicidai  substance  is  not  specific  unless  mixed 
ftitli  the  preventive  substance,  and  under  its  normal  conditions  will 
affect  only  attentuated  vibrios.  Its  energetic  action  depeTuh  an 
the  cojnhijied  preience  of  a  preventive  aidtdance  that  is  present  only  in 


70 


STUDIES  IN  IMMUNITY. 


the  serum  of  immun-ued  animah.  It  may  be  that  this  specific  pre- 
ventive substflnce  has  of  itself  stune  harmful  effect  on  the  vibrios 
that  predispoets  them  to  feel  the  power  of  the  bactericidal  aub- 
stunce.  At  k-a^^t  tiie  preventive  substance  alrjne  has  no  real  anti- 
septic properties,  for  it  cannot  kill  a  culture  or  even  prevent,  its 
growth.  It  lends  to  the  bactericidal  snljstance  present  with  it, 
however,  a  character  of  specificity.  When  fresh,  the  serum  of 
vaccinat.(Ml  animals  has  hoih substances jhut  when  heated  to  oodegrees 
for  a  few  moments  or  kept  for  a  long  time,  the  preventive  substance 
alone  remains;  the  additJoo  of  fresh  serum  is  necessary  to  restore 
to  it  its  bactericidal  property.  It  is  iTidifferGot  whether  this  fresh 
serum  containing  the  bactericidal  suijstatice  comes  from  a  normal 
animal  or  an  immuiiise<l  animal,  or  even  from  an  animal  that  has 
just  died  of  such  an  infection  as  that  caused  by  anthrax  or  the 
pneumococcus. 

Fifth.  Is  the  badericidal  suhstaiwe  present  in  equal  amounts  in 
nonnai  and  in  immunized  animals  f  While  the  immunized  animal 
is  forming  the  specific  preventive  substance,  does  it  increase  to  any 
extent  the  bactericidal  substance  present  before  immunization? 
One  may  determine  at  least  in  an  approximate  manner  the  amount 
of  bactericidal  substance  present  in  normal  and  immune  serum. 
Let  us  mix  a  loop  of  well-immunized  guinea-pig  scrum  with  a  drop 
of  culture.  We  have  established,  let  us  suppose,  by  a  preliminary 
experiment,  that  a  drop  of  this  mixture  placed  with  a  drop  of  normal 
flprum  gives  a  complete  Pfeiffer's  phenomenon;  that  is  to  say,  in  a 
drop  of  this  emulsion  there  is  enough  preventive  substance  present. 
It  must  be  noted  that  the  fresh  preventive  substance  alone  may 
give  metamorphosis  of  the  vibrio.  But  under  the  conditions  noted, 
that  is,  one  loop  of  the  serum  to  one  dnip  uf  cholera  emul^^ion, 
no  distinct  phenomenon  takes  place-  But,  as  we  have  alreatly 
shown,  there  is  enough  preventive  substance  tliere;  it  is  the  bacteri- 
cidal substance  that  is  lacking.  If  we  a<ld  another  loop  of  the  same 
serum  to  the  mixture,  the  phenomenon  occurs  very  distinctly  and 
becomes  still  more  complete  if  a  thiryl  loop  is  added.  At  the  same 
lime,  if  we  add  normal  senim  to  a  similar  mixture  of  cholera  emul- 
sion and  active  preventive  goat  serum,  we  find  that  only  three 
loops  are  necessary  to  bring  about  the  usual  degree  of  the  phe- 
nomenon.    ThD  amount  of  fresh  serum,  whether  from  a  normal  or 
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from  an  iramunized  animal,  necessary  to  a*l(i  lo  the  preventive 
substance  is  In  either  case  little  and,  within  broad  limits,  apparently 
the  same.  It  seems  evident,  then,  that  the  bactericidal  fiubstarce 
in  immune  serum  is  not  sensibly  greater  in  amount  than  in  normal 
serum. 

VI,   Leucocytic  Secretions  awd  Pfeiffer's  Phenomenon, 

Experiinenl.s  thai  have  been  given  in  a  previous  article*  showed 
ua  that  during  hfe  the  liflctericiJalsuijsfanre  is  within  f Ik- leucocytes. 
When  blood  is  taken  out  of  the  vessels  this  substance  is  liberate<l  in 
the  surrounding  medium  and  endows  the  serum  with  baetericidat 
properties.  Both  serum  deprivixi  of  some  of  its  leucocytes,  and 
edema  fluids  are  less  bactericidal  than  serum  obtained!  under  normal 
conditions.  They  are  also  less  preventive.  It  is  easy  to  cietermine 
whether  edema  will  produce  Pfeiffer'a  phenomenon  when  added  lo 
preventive  serum.  Hanging  drops  are  prepared  contarning  on  the 
one  hand,  cholera  vibrio,  preventive  scrum  and  scrum  of  a  nor- 
mal guinea-pig;  and,  on  the  other  hand,  cholera  preventive  serum 
and  edema  fluid  from  the  i^ame  normal  fitiinca-pig.  These  mixtures 
are  prepared  in  the  usual  manner,  so  that  the  doses  are  equal  in  each 
preparation, 


H&nglcu;  drops. 

onon 

D 

0 

+ 
0 

It  &  to  be  noted  that  edema  fluid  causes  no  Pfeiffer's  phenomenon. 
It  is  evident  that  the  lmcteri[!i<la!  substance  in  this  fluid  is  too 
email  in  amount,  since  there  is  complete  traas formation  in  the  prep- 
aration containing  serum.  In  the  same  manner  it  may  be  deter- 
mined that  goat  tnilk,  arjueous  humor  from  the  guinea-pij^,  and 
urine,  tears,  or  saliva  (human)  when  adcle<l  to  preventive  scrum 
produce  no  metamorphosis  of  vibrios.  E-lema  fluid  from  a  ^inea- 
pig  infected  with  anthrax,  and  pleural  exudate  from  a  guinea-pig 

*  Seepage  24  et  wq. 
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H              killed  by  diphtheria  toxin,  Ixith  produa^  the  [ihenomenon;  in  these ^^^^^ 
^^^      latter  fluids  numbeis  of  leucocytes  are  present.                                             H 

^^^^^B                                                                                     HaeiEId^  diDXiB. 

criou.                    H 

^H                Cholera  {EaAl«m  Pruo&iA)                            +  nofinal  G.  p.  Berum. ..,.,. 
^M                        "                   ■+-  preventive  Eoat  serum  -^  nomiol  C  p,  **enini.  --,.,, 

It 

^^^^H                            "                                 -•-    l*'■1^■anti\'^   fTi-i-i»    rnrilm    J.    htimnn    iirtlti.r, 

^^^^^1              "                   -K  prwpnlht  gu^il  hcnjm  +  G-  y.  aqueQua  humor 

^^^^H              "                  +  prevetilive  i^uaL  berum  -^  tdemn  anthrax  G.  p._._  . 
^^^^H               "                  +  prevejilivc  gout  Dcruin  +  pkuriil  ex    Jipt-  G,  p .  > . . , 

H             What  IS  the  action  of  edema  fluid  from  a  guinea-pig  that  has  been              1 
H             highly  immunized  againi^t  cholera?     It  is  known  that  fresh  sc-niEn             I 
^M             TrDni  tikis  timmal  will  hIodo  produce  the  phenoEiiecionj  since  it  con-             1 
^M             tains  both  the  bactericidnJ  and  the  preventive  substances.     It  is             H 
H             therefore  of  interr^t  to  determine  wlietlK-r  thi'  efleiiia  fluid  from 
H             suchaguinpa-pigwill  laclcone  orbith  of  tijiNcsdhstaniies.     Eklema 
^^            fluid  alone,  without  either  normal  serum  or  preventive  serum,  dt>efl 
^^K      not  cause  the  phenoiiK-non,     Rut  are  b>lh  substances  or  k  only 
^^^^      one   of   them    lacking?     To   dctennine   whether   the    baclericiilal 
H            substance  is  lacking,  a  hanging  drop  is  prepared  containing  the 
H            vibrio,  preventive  serum  and  edema  fluid.    Controls  are  made  bs 
H            indicated. 

^H                                                                                   HiRGlnX  drops. 

rno". 

H                  Cholera  (Ea^lern  PriiaAiDi)                          -4-  normal  G.  p,  eerum. ....... 

H                          "                 +  preventive  grnf  p*rutn  +  normnl  G,  p.  eeiuin      . ..  „  . 
^K                         "                 -t-  preventive  gout  svnmi  +  vaccLu&ied  G.  p.  etlemii- . . . 

0 

+ 
0 

H              From  this  table  it  is  evident  that  the  edema  fluid  from  immunii^ed 
H             animals  as  well  as  that  from  nomial  animals  contains  no  demoo- 
H             strable  bactericidal  substanec.     But  is  the  preventive  substance 
H            entirely  larking?    It  will  be  recalled  that  in  pre™as  experiments 
H             the  edema  fluid  was  shown  t^  be  distinctly  preventive  for  animals 
H            although  inferior  in  this  respect  to  serum.    In  the  follou-ing  table 

preparaiioTis  wen?  made  with  vibrio,  edema  fluid  and  normal  serum,           ^^H 
and  transformation  takes  place:                                                                      ^^| 

Hnojiing  dropi. 

Phenom-              ^^^H 

Cholera  (Eaalem  Pruaain)                           +  normul  G.  p.  ferum  , ,  ,  , .  h  . 
*'                 +  preventive  Boat  serum    +  normal  <J,  p.  Berum  ,.----, 
"                 +  vaccinated  G   p.  edema  +  jjormul  G.  p.  i^mm  .    . 

^  1 

It  \s  endont,  thon^  that  th^  edema  tluid  contains  enough  of  thg          ^^H 
preventive  substance,  of  which  a  very  small  amount  is  necessary           ^^H 
to  produce  tho  phenomenon,  and  it  may  be  added  that  it  is  difficult           ^^H 
to  obtain  au  edema  fluid  without  leucocyte*.     Even  if  there  WL*ro           ^^H 
no  leucoeyles  pR^cnt  and  it  were  distinctly  proved  that  leucocytes          ^^| 
are  necesj^ary  for  the  presence  of  the  preventive  substance,  it  might          ^^M 
well  be  that  a  eerlain  amount  of  it  would  Ido  liberale^l  during  life            ^^M 
into  the  fluids  of  the  body  and  eventually  be  excrete*!;  it  is  well           ^^B 
known,  indccti»  that  the  preventive  power  falla  rapidly  when  injcc-           ^^| 
tions  are  atoppcil.     But  there  i^  a  body  fluid  that  under  normal           ^^^ 
conditions  is  almost  entirely  deprived  of  cells,  that  is,  the  aqueoits           ^^| 
hunu;r.     It  may  be  sbo^^-n  that  the  aqueous  humor  in  v&ccinale<l           ^^M 
guinea-pi^  has  neither  bactericiilal  nor  preventive  power     Wfieifier           ^^| 
inijcd  witk  normal  return  or  with  immunized  goat  SGTitm,  aqueous           ^^M 
humor  produces  no  change  in  the  vibrio.                                                          ^^M 

Utiwliir  <lrDpa, 

Cholera  CEaatern  PruaSLft)                              +  normal  0,  p.  scrum 

"            +  pteveiilivu  coal  acrUFii            +  normal  0-  p.  ncruni. ,, . . . 
"           4-  iQccmatetl  U.  p.  aq.  humor  +  nornml  ii   p-  BCFum. . ,  - ,  - 
"           +  provonlive  goat  rieriim            +  vikcctn^ted  U.  p.  aq  humor 

i  1 

II  would  seern,  therefore,  that  the  function  of  leucocytes  in  the            ^^| 
feejieais  of  the  specific  properties  of  serum  L?  well  determined-                      ^^M 
In  a  consideration  of  bactericidal  and  preventive  power  we  have          ^^H 
covered  ecveral  of  the  more  important  body  fluids.     We  may  now           ^^M 
consider  intestinal  transudate  from  the  same  pointp  of  %'iew.     In           ^^M 
human  cholera  the  vibrio  Is  not  a  p&rasitc  in  the  tissues;  it  invades          ^^H 
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the  organism  only  after  death  aod  during  life  usually  remains  in  the 
intetine ;  t  hat  is  to  ^ay  its  culture  medium  is  the  inlestina!  seoretionn 
It  i?^  importaiit*  thcrc^forc,  t^)  con^^ulcr  the  properties  of  this  sccrctioUn 
MctchnikofTf  ba  we  know,  euccccdctl  in  producing  true  intestinal 
ch'tlera  in  young  rotlcnts.  His  method  coHBista  in  Introducing  the 
cholera  vibrio  accompanied  by  ecrtain  bacteria  that  facilitate  their 
development,  into  the  atomach  of  thfac  animals.  Under  thcac 
conditions  cholera  ia  regularly  produced.  When  one  autopsies 
young  rabbits  treated  in  this  way  the  intestine  ia  founti  filial  with 
a  rather  clear  Huid  swarming  with  vibrios.  MetchnikofT  has  Further 
determined  that  this  intestioai  cholera  may  be  producal  in  animals 
that  have  received  large  injections  of  a  strong  preventive  serum 
quite  as  well  as  in  aoitnals  which  have  had  no  previous  treatment. 
In  such  animals  the  vibrio  increases  in  the  intestine,  and  remains 
motile  and  unmcxlifieil.  It  may  be  easily  shown  that  intestinal 
secretion  plas  our  preventive  serum  causes  no  metamorphosis  of 
the  vibrio.  The  same  negative  result  is  obtainet.1  if  normal  serum 
be  added  to  theintesliual  fluid  from  a  young  rabbit  killed  by  cholera. 
Tliid  animal,  however,  lia<l  received  a  previous  dctse  of  cholera  semm 
and  ita  blood  was  strongly  l^acterieidal  for  the  vibrio.  An  intes- 
tinal secretion  of  this  snrt  contains  no  leucocytes,  it  does  contain, 
howevLT,  epithelial  cells  which  apparently  give  the  fluid  no  distinct 
activity. 

Doe*  the  cholera  vibrio  become  accustomed  to  bactericidal  scra7 
Can  wo  by  repeatE?d  passage  through  bactericidal  3uiiis  adapt  it  so 
that  it  no  longer  feols  the  bactericidal  elTecr  with  the  same  intensity 
and  fails  to  give  granular  transformation? 

If  we  inoculate  a  rather  large  quantity  of  the  cholera  vibrio  (East- 
ern Prussia)  in  a  mixture  of  fresh  guinea-pig  serum  and  immunized 
goat  serum  the  uietamorphosis  takes  place  rapidly.  But  if  the 
amount  inoculatc^l  is  sufficient  the  vibrio  will  eventually  grow  and 
after  24  hours  a  considerable  number  of  normal  organisms  will  be 
found. 

A  few  drops  of  this  gro^lh  may  then  be  inoculated  in  a  mixture 
similar  to  the  first  and  when  this  culture  has  grown  out  a  new 
transfer  marie.  If  this  transfer  is  repeated  twenty  limes  wc  find 
that  after  each  inoculation  a  rapid  metamorphosis  oF  the  vibrio 
occure,  and  even  after  two  days,  when  the  culture  has  finally  grown 
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out,  a  great  nurubet  of  granules  will  be  found  with  the  normal 
vibrios- 
Afler  twenty  passages  through   bacterindd   serum,    the  vibrio 

Is  quite  as  apt  to  be  transformed  as  in  the  beginning.  It  is  quite 
evident,  then,  that  the  vibrio  ac^juires  no  tolerance  and  becomes  no 
less  susceptible  to  the  bactericidal  effect  of  the  fluid.  It  continues 
to  ehow  a  granular  change  which  i^^  not  strictly  a  disintegration, 
but  an  active  contraction  of  the  organism  which  would  appear  to 
sen'e  some  purpose.  In  this  new  fonu  it  presents  in  a  given  \'oIume 
asmalkT  surface  of  contact  to  the  surrounding  fluid,  and,  therefore, 
better  avoids  its  harmful  effect. 

The  fact  that  the  vibrio  docs  not  bMOine  accustomed  to  contact 
with  the  bactericidal  substances  from  leucocytes  explains  the  diffi- 
culty  in  increasing  its  virulence.  After  a  few  passaged  through  the 
animal  body  a  definite  virulence  is  reached  which  is  not  easily  in- 
creased. The  cholera  vibrio  does  not  seem  to  possess  the  charactera 
necessary  for  a  dangerous  general  parasite  and  does  not  give  gener- 
alized infections.  It  is  not  necesaarv  for  the  organism  to  acquire 
&  great  resistance  to  the  bactericidal  properties  of  the  animal  body 
in  order  to  live  in  the  intestinal  contents  and  form  toxins  there, 
for,  as  we  have  already  shown,  no  bactericidal  substance  is  present 
in  the  intestinal  secretion.  It  is,  therefore,  by  no  means  proved  that 
a  vibrio  that  is  only  slightly  pathogenic  in  the  peritonea!  cavity 
may  not  be  very  pathogenic  when  present  in  the  digestive  tract, 

REMARKS  ON  THE  MECHANISM  OF  IMMUNITY, 

I.   Active  IwyuKiTT.    B\crEnicii>\L  Properties  of  LEtJcocvTES.    Tee 

COSCCmON   OF"  A   "UtflTY  OF  THE    BACTERICIDAL   SuBBTAVCE." 

Active  immunity  ts  the  immunity  shown  by  animals  vaccinated 
by  repeated  injections  of  living  or  sterilized  cultures  of  bacteria  or 
of  bacterial  products.  It  is  establishe*!  slowly,  but  it  is  much  more 
enduring  than  hnniunity  brought  about  by  preventive  sera.  This 
form  of  immunity  is  aceonipanieil  by  cellular  changes  that  are 
sufficiently  lasting  to  create  lemporanly  in  the  immunized  animals 
properties  that  are  not  to  be  found  in  normal  animals. 

The  study  of  immunity  has  convinced  us  that  the  resistance  of 
animals  to  pathogenic  organisms  15  regularly  due  to  the  activity  of 
phagocytes.    In  a  previous  article  we  have  considered  the  more 
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important  proofs  of  tbc  accuracy  of  this  conception  and  the  facts 
brought  out  in  this  articlt  do  not  change  our  opinion.  It  has  been 
established  that  in  vacf^inEktcsI  animals  the  phagocytes  have  their 
protecting  propfirtlcs  ilistint^tly  increased.  Not  only  is  the  tactile 
sensitivity  of  their  phagocytes  mare  perfect  as  Mafsart  has  shown,* 
so  that  they  can  take  up  the  struggle  with  their  ailverearies  more 
prepareiily,  but  we  believe  that  it  may  be  granted  that  ihe  bac- 
tericidal properties  of  tbeir  body  fluids  are  increaswh  In  certain 
cases,  as  with  the  vibrios,  the  antLseptic  proi)erty  of  leucocytes 
k  increased  to  such  an  exicnt  that  it  is  liberatetl  in  the  surround* 
ing  fluid,  either  on  removing  the  bhioii  fnnn  the  body  or  by  some 
harmful  effect  on  the  leiicocytes.  The  substances  diffuseti  from 
these  leucoeytes  In  the  blood  Huid  may  then  bring  about  deatruc- 
live  changes  in  bacteria.  \Vlien  iiJiTuni  Isendowwl  with  bartrricMal 
properties  it  owes  them  to  the  Icueoeyte-i:  the  bacteri?i<lal  power  of 
serum  is  only  a  reflection  of  the  power  within  leucocytes,  and  is 
present  only  in  a  relatively  feeble  degree. 

A  bactericidal  property  is  not  always  present  in  the  serum  of 
immunizc<l  animals.  The  sera  from  animals  v&ccinatal  against 
tetanus^  diphtheria,  hog-cholera,  etc.,  do  not  destroy  their  respective 
organisms.  May  we  conclude  in  these  instances  that  the  bacterici- 
dal substance  is  lacking  in  the  serum?  Must  we  make  a  distinction 
between  those  instances  in  which  the  serum  of  immunized  animals 
is  bactericidal  and  those  in  which  it  ie  not?  Since  the  bactericidal 
power  of  serum  indicates  the  deetructivc  power  of  phagocytes,  arc. 
we  authorized  in  these  instances  of  diphtheria  or  bog-cholera  in 
considering  the  absence  of  bactericidal  properties  in  ecrum  as  indie* 
ativc  of  httle  bactericidal  activity  in  the  phagocytes? 

Such  a  conclusion  would  not  be  legitimate.  It  would  seem  rather 
tliat  there  is  a  regular  increase  of  bactericidal  property  in  i>bagncytea 
in  immunity  and  that  we  know  now  only  of  certain  general  c>:aniple5 
of  this  Factn  And  if  the  increase  of  this  property  is  not  evident  in 
certain  cases  by  a  notable  increase  m  the  bactericidal  property  of 
the  scrum,  it  is  apparently  [Ine  to  the  fact  <liat  cerUiin  niiero- 
orgam.KULH  |>ossess  a  reJalively  higher  resistance  lo  such  [iroperties. 
Not  all  bacteria  an?  equally  CHiily  destroyed  by  those  diluted  bac- 

*  J-  Maoeart,  Lc  cSpiniotiLxiame  dca  leuDocyl«i  ct  rimmuiiLtd.  Ann&lo  de 
rinatitut  Pasteur,  Moy,  1892. 
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tericidal  subetancce,  whtchf  although  strong  within  the  leucocytes, 
are  neGCssarily  weakened  when  liberfited  into  the  pcrum.  When 
ph^^cytosis  of  the  cholera  vibrio  by  the  leucocytes  of  a  well- 
immunized  animal  ia  studied  in  vitro  the  gracuJar  trans  form  at  ion 
of  the  organism  and  ita  changes  in  color  reaction  arc  found,  not  only 
in  the  leucocytes,  but  alyo  in  the  iiurrounding  9uid.  When  such  an 
experiment  is  made  with  the  diphtheria  bacillus  and  the  leucocytes 
of  a  guinea-pig  immunized  the  day  before  by  a  large  dose  of  anti- 
diphtheria  ^erum  (3  c.cOi  it  is  found  that  the  organisms  within  the 
leucocytes  lose  their  power  to  st^n  blue  anil  take  eosin,  wliere^s 
outside  the  leucocytes  the  l>acteria  hhow  no  tinetorial  change.  In 
other  wonis,  the  activity  has  remained  within  the  protoplasm  oF  the 
phagocyte.  It  m  well  known,  moreover,  as  Behring  haa  shown  us, 
tliflt  the  b(nly  fluids  of  animals  immunized  againfit  dipbtheria  have 
no  effect  uo  L^fller's  bafiiliL*,  which  diiTers  frtim  the  finding  in  the 
CBse  of  cholera.  And,  dtbough  there  is  ap[mrenlly  a  different  set 
of  facts  to  consider  in  each  nf  these  cases,  it  is  to  l>e  noted  that  ener- 
getic bactericidal  activity  on  the  part  of  the  phagocytes  occure  in 
both  instances- 

If  there  is  a  distinction,  then,  to  be  drawn  between  bactericidal 
eera  and  those  that  are  not,  it  is  due  to  a  difference  in  resistance  of 
the  specific  organisms  and  not  to  the  absence  or  presence  of  a 
bactericidal  substance  in  the  Berum. 

The  best  evidence  of  tbis  fact  ia  that  the  more  strongly  animals 
arc  immunized  the  more  frequently  do  we  find  example?  of  the 
humoral  bactericiilal  activity  and  extracellular  destruction  of 
bacteria.  In  other  words,  the  destructive  function  haa  been 
increased  to  such  a  point  that  it  w  manifeat  even  outside  the 
phagocytes-  The  use  of  highly  immunize<i  animals  was  necessary 
to  discover  Pfeiffer's  phenomenon.  Later  Pfeiffcr*  and  Dunbarf 
found  that  the  typhoid  bacillus  aK«o  ^hows  granular  tranr^fomiation 
when  injected  into  the  peritoneal  cavity  of  an  animal  together  ^ith 
a  certain  amount  of  preventive  serum.  Dunbar  has  noted  similar 
facts  with  phiTsphorescent  vibrios  and  Bacillus  pyocyaneua.  These 
observations  agree  entirely  with  those  originally  made  on   the 


*  Pfeiffcr,  Deutsche  mcdicmiache  Wocheaerhrift,  No.  48,  lti94, 
t  Duiibiir.  Zuui  Staade  ilea  UaklcriiiloEiMiheD  Cholera  Dia^oeo. 
m*dicinische  WochenBchri/t,  FebniMy,  Iftys. 
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cholera  vibrio  by  PFeiffer,  The  analogy  is  so  complete  that  it 
seems  justifiable  to  assert  that  the  substance  that  gives  rise  to  the 
morphological  change  in  the  colon  bacillus^  the  typhoiti  bacillus. 
an<l  the  phoaphorrsccnt  vibrios  k  of  leticocytic  origin  as  well  as  in 
the  caae  of  the  eholera  vibrio.  Imleed,  when  B.  typha^us  or 
B.  coli  J3  mixed  with  leucocytes  from  a  normal  guinea-pig  the 
transformation  occurs  only  inside  cells.  Oval  graimlations  are 
formed  there  similar  to  the  cholera  granulattcns.  It  i^  evident, 
then,  that  PfeilTer's  phenomenon^  whether  with  the  colon  badlluw  or 
the  typhoid  bacillus  or  Koch's  vihrin,  follows  the  saiTie  rule.  The 
colon  bacillus  and  Ihe  typhoiil  bacillus  give  further  examples  of 
the  fact  that  phagocytes  may  become  so  active  in  well-immunized 
animals  as  to  bring  about  a  Jiffusiou  of  their  substances  into  the 
surrounding  fluid. 

We  have  already  seen  that  the  bacteriehlal  substance  that  affects 
vibrios  is  not  in  itself  specific-  Jt  is  the  preventive  suhstafice  that, 
while  adding  to  its  activity,  endows  it  with  specificity.  We  have 
shown,  accordingly,  that  bactericidal  sera  from  animak  immunized 
against  various  organisms  are  to  be  distinguished  only  by  the 
epecificity  of  their  preventive  sut)Stanee.  The  bactericidal  sub- 
stance, properly  speaking,  in  immuni2e<l  animals  h,  with  the  possible 
exception  of  certain  rjuantilative  changes,  quite  the  same  as  in 
normal  animals.  And  sini-e  Pfeiffer's  phenomenon  occurs  with  ba^.-- 
teria  other  than  the  cholera  vibrio  and  under  identical  conditions, 
it  seems  evident  that  lite  bactericidal  substance  thai  phagrKiftes  u^  in 
ilteir  struggle  cgainsi  bacteria  is  the  same,  whatever  may  be  the  arganism 
attacked.  In  an  animal  immunised  against  a  given  infection  the 
bactericidal  substance  is  directed  against  the  specific  organism  on 
account  of  the  -presence  of  the  preventive  substance,  the  specifi/rity  of 
which  depends  on  the  organism  used  for  imwvnizaiian.  It  is  tlue  to 
the  presence  of  ttiia  peculiar  preventive  substance  that  the  animal 
directs  its  destructive  power  against  a  given  organism.  Wlml  13 
the  nature  of  this  active  and  distinctive  body?  By  what  mechanisn 
have  the  body  cells  been  enabloi  to  create  this  specific  substance 
thatisso  valuable  to  the  animal?  This  is  one  of  the  most  important 
problems  of  cellular  biology^  and,  at  the  same  time,  at  present  the 
greatest  enigma  with  whiHi  immunity  confronts  us. 
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II.    The    MECHAmsM   of   the    lywuNiTY    CoNFERBED    BT    Pnr\EirrTYB 

SEHrW    AND    THE    EVIDENCE    FOR   CoVSlDESlNG  TBlfl    IMMUNTTT    Kf^    \ 

Flilelit  Chemical  rH£\(i!viR\rr\. 

There  are  eertain  conclusions  to  be  drawn  from  tbe  facts  that  we 
have  olTered  as  to  the  natun?  of  the  immunity  conferred  by  serum. 

Cholera  serum,  as  we  know,  is  not  antitoxic;  animals  vacrinatoil 
against  cholera  have  no  real  immunity  against  cholera  toxin.  The 
serum  gives  an  immunity  only  against,  the  organii^m  itself.  It 
containf.  wh^n  fresh,  two  substances:  a  bactericidal  substaae?  and 
a  preventive  .substance-  Serum  that  has  been  kept  for  some  time 
or  heated  to  55  degrees,  no  longer  contains  the  bactericidal  sub- 
stance. As  Fracnkel  and  Subt-rnheim  were  the  fir^t  to  show,  such 
a  scrum,  although  deprived  of  its  bactericidal  substance,  still 
retains  its  immunising  properties, 

It  ia  easy  to  understand  why  the  presence  of  this  bactericidal 
substance  is  not  indispensable  for  the  preventive  action  of  the  aerum. 
It  is  due  to  the  fact  that  the  bactericidal  substance  is  not  a  peculiar 
properly  of  this  serum  but  exists  in  any  normal  serum,  so  that  a 
normal  animal  given  an  injection  of  cholera  serum  b  protected 
because  it  alrca^ly  possesses  the  bactericidal  substance. 

Tbe  suhetance  that  the  normal  animal  does  not  have  is  the  pre- 
ventive substance,  and  it  is,  therefore,  this  latter  substance  that  it 
is  important  to  furnish.  One  may  ask  how  this  substance  when 
inlrmluced  into  the  tissues  produces  immunity-  It  is  certain  that 
leucocytes,  in  conmion  with  other  sensitive  living  cells,  react  to  the 
pnyence  of  the  preventive  serum.  Sthnulaled  by  tins  serum  they 
give  eviilence  of  [ji.isitlve  chemiotaxis-  We  know,  moreover,  that 
in  animals  immunl^e^l  by  serum,  phagocytosis  oceurw  with  remark- 
able intensity.  It  is  difficult,  then^  in  view  of  these  facts,  not  to 
believe  in  the  idea  advanceil  by  several  observers  and  nolably  by 
MelchnikofF,  Roux,  and  Sanarelli  that  serum  acts  on  cells  as  a 
*'stimuUn"  that  excites  phagocytosis. 

But  there  is  another  phenomenon  in  passive  immunity  which  is 
perhaps  even  more  important.  The  injection  of  preventive  cholera 
serum  causes  the  appearance  of  a  very  distinct  bactericidal  property 
against  the  cholera  vibrio,  for  which  the  serum  injected  is  specific- 
We  know  already  that  the  preventive  substanceT  incapable  in  itself 
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of  Jcatroying  the  vibrio,  when  mixed  mih  normal  scrunit  which  in 
itself  13  only  faintly  bactericidal,  acquires  new  and  energetic  destruc- 
tive properties.  It  is  not  necessary  to  imagine  any  reaction  on  the 
part  of  cells,  due  to  preventive  serum,  to  form  this  normal  substance 
contributed  by  the  normal  serum,  since  it  has  been  shown  to  be 
regulariy  present  in  the  nonnal  animal.  This  substancB  is  not 
uniformly  diasolveil  iu  the  plasma  during  life,  but  is  confined  rather 
within  the  leueueyte^^. 

WTiat  happfUH,  then,  when  preventive  seruni  is  inoculateil?  The 
active  substances  penetrate  into  tlit-  leucocytes  as  we  alreaily  know 
by  the  fact  that  leucocytes  sIjgw  evidence  of  chprniot.axis  In  prcfienue 
of  this  serum.  The  prevenlive  sul>stance  finds  in  the  leucocytes 
the  bactericidal  substance  there  present.  From  this  moment  the 
leucocyte  has  acquired  a  powerful  and  specific  baclcricrdal  prn[)- 
erty.  If  it  takes  up  vibrios  it  con  destroy  them,  but  If,  for  any 
reason,  it  should  suffer  injury,  it  will  liberate  the  bactericidal  sub- 
stance into  the  surrounding  fluid  and  so  bring  about  an  extra- 
cellular destruction  of  the  vibrio.  If  we  consider  the  facts  from 
this  point  of  view,  as  seems  justifiable,  we  must  admit  that  in 
addition  to  cellular  stimuJation  there  is  present  a  purely  chemical 
phenomenon  Ihat  may  he  rejyeated  in  vitTO  and  which  is  of  great 
importajice  in  passive  immunity.  This  phenomenon  is  the  union  of 
the  two  substances  lital  produce  a  bactericidal  power  either  in  the 
animal  or  in  the  test  tube.  An  immunity  of  this  sort  brought  about 
in  tliie  manner  need  not  be  very  powerful,  and  it  is  not  necessary 
for  its  formation  that  a  profountl  cellular  change  should  be  caused 
as  would  be  essential  for  its  persistence.  Passive  immunity  ia 
essentially  ephemeral  and  evidence  of  it  is  not  long  shown  by 
the  cell.  As  soon  &s  the  preventive  substance  is  eUminatctl  the 
leucocytes  will  have  no  more  than  a  limited  bactericidal  pro|KTty, 
and  the  refractory  condition  &o  rapidly  obtainctl  wilt  be  quite  as 
rapidly  lost. 


IV.  ON  THE  MODE  OF  ACTION  OF  PREVENTIVE  SERA.* 
Br  DR.  JULES  BORDET. 


Preparateur  at  the  Pastedr  Institut. 

{From  the  Loboratory  of  Proftaor  AfiJcAnfjtojf ) 

The  properties  of  the  blood  serum  of  immunizeti  aniraala  are 
being  atteotively  studied.  While  it  is  still  rather  difficult  to  explain 
tbe  antitoxic  pmpertics  in  certain  sera,  our  knowledge  of  the  pre- 
ventive power  of  serum,  that  U  to  eay  the  property  of  immune  serum 
to  prot^'t  animals  against  the  inva^jion  of  bacteria,  has  recently 
been  greatly  increased.  In  the  present  article  we  shall  deal,  not 
only  wiih  certain  new  facts,  but  shall  also  review  ihe  conceptions 
we  have  held  and  refer  to  the  variotis  opinions  of  other  writers  on 
these  subjects.  We  must  repeat,  then,  not  only  those  facte  which 
we  personally  have  demonstrated,  but  alao  the  rcscarchca  of  other 
observers,  notably  oi  Ffciffcr  ani.1  of  Grubcr-  We  shall  frequently 
refer  to  the  work  of  Mctchnikofft  whose  experience  and  advice  ia 
of  such  signal  value  to  tho^e  who  have  the  op|>ortiinity  of  working 
with  him. 

The  attention  of  many  obsor\'cra  has  naturally  been  directed  to 
those  substances  that  are  harmful  for  bacteria  which  the  animal 
body  uses  in  its  struggle  against  infections,  and  the  presence  of 
which  n^y  be  easily  demonstrated,  particularly  in  animab  immu- 
nized against  the  cholera  vibrio.  In  such  animals  the  scrum  is 
endowed,  not  only  with  a  preventive  power  but  aL^o  with  a  distinct 
bacterici(ial  power  for  Korli's  vibrio.  One  of  the  chief  paints  o\ 
disagreement  is  whether  this  bacterici<lal  substance  is  uniformly 
dissolved  in  the  body  fluids  during  life  or  is  confined  to  cells.  The 
action  iif  preventive  sera  on  bacteria  in  vitro  has  been  carefully 

■  Sur  k  mode  d'octioa  ird  acrumfi  pr^v^tifa.  Annalca  dc  I'Jnstitut  Pusteur, 
1896.  X.  193- 

t  ParticLUaHy  the  artieJer  Rfoh6rohpfl  mir  la  deetnictioa  eEtracelluLure  des 
bactfricfl,  Aniud^  de  I'liiAtitut  Pasteur^  June,  1SD5- 
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studied.  Furthonnorc,  attempts  have  been  mode  to  gain  an  insight 
into  tho  mechanism  of  the  immunity  conferred  by  serum,  and  to 
determine  the  rcJation  between  this  kind  of  immunity  (passive 
immaaity)  and  the  immunity  caused  by  repeated  injections  of 
bacteria  (active  immunity).  In  the^e  discussions  the  question  has 
repeated)y  recurred  as  to  the  part  which  is  played  in  animal  pro- 
tection by  the  body  fluids  on  the  one  hand  and  by  tbe  living  cells 
on  the  other- 

I,  The  Localization  of  the  Bactericidal  Substance 
DijRiNi;  Ltfk, 

If  cholera  vibrios  are  placed  in  the  serum  of  an  animal  immunized 
against  these  baet^ria  they  are  de.stroyed  at  least  |>arfially-  After 
a  certain  titiio  cultures  from  ihiw  serum  on  artificial  meilia  are  either 
negative  or  show  very  few  colonies.  We  have  already  given  the 
reasons  that  have  fed  us  to  conclude  that  the  bactericidal  substance 
present  in  serum  comes  from  leucocytes.  We  were  ftirci'i]  to  the 
conclusion  that  during  life  the  bactericidal  substance  is  present  in 
leucocytes  and  that  when  the  white  blood  cells  are  removed  from 
the  blooil  vessels  they  liberate  into  the  surrounding  serum  those 
bactericidal  substances  which  they  normally  retain  *  WV  based 
our  conclusions  on  the  comparative  study  of  the  bactericidal 
property  of  the  serum  of  a  vaccinatai  animal  with  the  edema 
fluid  from  the  same  animal,  and  by  a  cnmparison  bctwcK^n  the 
destructive  property  of  the  scrum  from  whole  biooi.1  and  the  serum 
From  blood  previously  deprived  within  the  body  of  part  of  its 
leucocytes. 

Tlie  means  of  determining  the  existence  of  bactericidal  power 
and  of  estimating  its  inteuf^ity  was  simply  to  inoculate  culture  media 
(gelatin)  with  organisms  that  ha*l  been  allowetl  to  remain  in  contact 
with  the  body  fluids  mentioned  for  variable  Icngtlis  of  time.  Wc 
have  also  considered  another  reaction  that  has  been  ^vcn  to  inves- 
tigators through  the  observations  of  Pfciffcr, 

Vibrios  and  other  bacteria  may  show  the  harmful  influences  of  a 
bactericidal  substance,  not  only  by  losing  more  or  less  completely 
their  power  to  develop  on  euch  artificial  media  as  gelatin*  but  also 
by  the  morphological  change  they  show  when  affected  by  this 

*  See  pAga  24, 
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barmful  substance-  The  existence  of  bactericidal  power  may  thua 
be  reL'Ognized,  and  its  nature  studied  in  detail  by  means  of  a 
morphological  change  evident  on  microscopic  e?;anii  nation. 

As  is  wcU  known.  Pfeiffer  found  that  when  cholera  vibrios  are 
injectal  into  the  peritoneal  canity  of  a  well-immunized  animal  they 
lose  their  motility  and  undergo  rapid  tranjifnrmation.  The  same 
phenomenon  occurs  in  a  iiomial  amnial  providetl  that  the  emulsion 
of  vibrios  is  niixal  with  a  certain  amount  of  active  preventive  serum. 
Pfeiffer  thought  that  this  [ihenomenon  of  graoular  transformation 
'could  occur  only  within  the  anfmal  bixly,  anJ  that  tire  subntarice 
which  caused  this  rnetsniorphosis  of  vibrios  came  from  an  active 
[aecretinn  of  the  eniliitlielial  (*dls;  he  thought  that  the  leucocytes 
Lad  no  function  En  the  elaboration  or  in  the  storing  of  thesp  destruc- 
tive substances.  MetchnikofI  was  then  able  to  show  that  PfeifFer'a 
phenomenon  could  be  prothicetl  in  vitro,  if  the  vibrios  are  mtxe<l 
with  a  small  amount  of  preventive  serum  and  a  little  peritoneal 
lymph  containing  leucocytes.  On  the  other  hand,  the  injection 
into  a  normal  animal  of  vibrios  plus  preventive  serum  in  a  region 
where  there  are  no  leucocytes  (for  example,  a  log  in  which  an  edema 
hfl.^  been  formed)  is  fonnd  to  proiiuce  no  trans  formation  in  spite  of 
the  presence  of  the  preventive  serum.  Some  time  after  injection, 
when  leucocytes  appear,  transformation  does  take  place,  but  only 
vrithin  the  cells.  "We  found,  moreover,  that  the  metamorphosis  of 
the  vibrio  could  be  verj-  well  brought  about  Jn  vitro  by  the  action 
of  the  fresh  scrum  of  an  immunizc^l  guinea-pig  *  even  when  no  cell^ 
are  present.  We  found,  too,  that  this  transformation  did  not  take 
place  if,  instead  of  scrum  (that  is.  a  fluid  formed  outside  the  body 
that  baa  been  in  contact  with  leucocytes  and  therefore  liable  to 
contain  profiucts  of  leucocytic  disintegration),  we  used  edema  fluid 
from  the  same  animal ;  in  other  words,  a  fluid  separated  within  the 
animal  body  an<l  almost  entirely  free  from  leucocytes. 

Aqueous  humor  and  various  secretions  from  an  animal  immunized 
against  the  cliolera  vibrio  also  fail  to  produce  a  transformation  of 
the  organism. 

It  was  also  shown  that  other  bacteria  (for  example,  B.  typhosus, 
B.  coli  and  B.  pyotyaneuj-)  "that  have  been  found  to  be  su?icep- 

*  And  qIbo  m  &  miKture  of  fresh  normal  eerum  with  a  email  omoaQt  of  pre- 
ventive eerum. 
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tlbk  to  granular  transformation  in  vapfinated  animals  even  outside 
thp  cells  may  show  the  same  change  in  normal  animals.  But  jn  Ibe 
latter  case  tlie  transformation  occurs  only  in  Ihasc  places  wheru  the 
baclericitlal  substance  is  most  concentrated,  that  ia  to  say,  within 
the  phagocyte."  We  may  add  that  if  we  inject  B.  coli  into  & 
guinea-pi^  wi  t  h  prcvcnlivc  scrum  we  find  that  gramilar  transforma- 
tion takes  place  within  the  leucocytes  even  when  the  bacteria  in  the 
surrounding  fluid  are  unaffected. 

TiiC3C  facts  indicate  very  clearly  the  superiority  in  bactericidal 
power  of  the  white  corpuscles  over  the  bcrtly  fluids,  b;s  h  shown  by 
a  pnxluction  of  granules.  They  show,  moreover,  that  the  baeteri- 
cidal  power  in  an  exudate  owes  ita  origin  entirely  to  the  leucocytes 
in  the  fluid.  We  must  consider  why  this  essential  function  of 
leucocytes  in  the  elalwralion  r»f  bactericidal  substance  has  been 
so  much  douhteii  and  is  stitl  vleniwl  by  many  observers,  and  why 
the  activity  of  the  Ixuly  fluids  in  destroying  bacteria  ha.i  SH'med 
in  certain  cases  superior  to  the  cell  activity.  It  is  due  simply  to 
the  following  fact:  in  well-immunized  animals  a  very  small  ihise  of 
bactericidal  sulistance  is  sufBeient  to  cause  a  granular  change  in 
a  lar"^e  number  of  vibrii;)S.*  A  very  few  leueofrytes  endow  the 
exudate  witii  a  bactericidal  power  which  can  province  the  meta- 
morphoi^is  of  a  suqirising  number  of  bacteria. 

On  the  other  hand^  a  large  supply  of  leucocytes  is  necessary  to 
effect  the  phagocytosis  of  a  moderate  number  of  bacteria.  When 
vibrios  are  injected  into  the  peritoneal  cavity  the  few  leucocytes 
present  suffice  to  give  the  peritoneal  fluid  a  very  distinct  bactericidal 
activilVj  but  as  they  are  few  in  number  they  cannot  take  up  many 
organisms.  For  this  reason  the  attention  of  the  observer  is  imme- 
diately monopolized  by  the  extracellular  bactericidal  activity,  so 
that  he  overlooks  the  essential  importance  of  the  cells  present  in  the 
fluid.  Later  on  the  leucocytes  corae  up  in  large  numbers  and 
phagocyte  the  intact  or  altcreil  vibrios  completely  and  then  it  ia 
quite  impossible  even  on  the  most  superficial  examination  to  over- 
look the  importance  of  their  protective  function.  In  short,  extra- 
cellular transformation  of  vibrios  in  the  peritoneal  cavity  is  due  to 

•  Tvo  or  three  platinum  loopH  oi  Ihe  aorum  cf  ooe  of  oar  VBCcinated  Ruioea- 
pigH,  when  mixnj  vltb  a  drop  of  cmubloo  of  vibriodH  caiiac  &  B<^cnLiiBed  met&^ 
mnrphoHis.  and  yrrt  our  serum  in  not,  as  a  rule,  aa  active  tu  rfeilTer'a. 
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the  chance  o\  there  being  sufEciert  leticoeytes  in  the  cavity  when 
tbc  injection  is  niade  io  cause  the  surroiuicling  fluid  to  bocome 
baclericiiiflJ,  but  loo  few  of  them  to  cause  phagocytosis  on  a  large 
scale.  This  is  the  essential  condition  for  the  production  of  Pfeiffer's 
phenomenon,  We  should  expect,  then,  that  if  wc  incR^ase  the  num- 
ixT  of  phagocytes  at  the  point  oF  inoculation  we  t^houlU  change  the 
appearance  of  the  conHiet  bttween  the  animal  body  and  the  infec- 
tion;  and  this  is  indcetl  what  happens.  Mctchnikoff  injected  a 
mixture  of  preventive  serum  and  vibrioa  into  the  peritoneal  cavity 
of  a  guinea-pig  that  haxi  received  an  injection  of  bouillon  the  day 
before;  this  prevbtia  injection  caused  an  increase  of  leucocytes,  so 
that  the  vibrios  subsequently  inoculated  encountered  large  numbera 
of  eelJs,  UniJcr  these  conditions  the  vibrios  were  immediately 
taken  up  without  any  evidence  of  extracellular  morphological 
change.  A  morphological  change  goes  on.  to  be  sure,  but  within 
the  phagocyctes  where  all  the  bacteria  are  to  be  found,*  We 
have  alremly  shown  that  vibrios  are  immetliatcJy  phagocyted  when 
injectal  inl^i  the  circulation  of  vaccinateil  animak  On  the  other 
hand,  If  the  vibriij  is  injected  into  a  region  depriveil  of  leucocytes, 
for  example,  suljcutaneously,  or  into  an  wlema  area,  no  extracellular 
change  is  found.  Phagocytes  come  up  gradually  and,  as  soon  aa 
they  a|»pettr  in  the  infeete<I  region,  they  take  up  the  bacteria  wJiich 
have  remaine^l  nonnal.  Phjigocy  Losis  under  these  com  litions  oeenrs 
as  the  initial  phenomenon,  beginning  with  the  arrival  of  the  cells, 
and  dealing  with  intact  bacteria. 

The  experiments  which  we  have  just  reviewed  as  well  as  the 
conclusions  that  we  have  drawn  from  them  have  given  rise  to 
objections  which  we  must  consider.  PfeifTer  admits  that  vibrios 
are  changed  in  viLro  by  a  mixture  of  fresh  guinea-pig  serum  and 
preventive  serum,  but  he  thinks^  that  thitt  effect  on  the  vibrios  is 
only  passing  and  not  equal  in  bactericidal  force  tj3  that  which  occurs 
in  the  animal  body.  We  cannot  share  this  opinion,  ]f  vibrios  are 
injeetetl  into  the  peritoneal  cavity  of  an  imrauniaed  guinea-pig, 
transformation  allowed  to  lake  place,  and  some  of  the  exudate  ia 
then  withdrawn,  it  is  found  on  placing  it  in  the  incubator  that  the 

•  Wo  do  not  undeMtand  bow  Gniber  cou^d  use  this  esperimenl  ta  conlMt  the 
oripin  -yi  the  boctcricidfll  flubatanee  from  tbo  poJynucloar  loucocytoa.  (Wiener 
klimn-bfl   WocLea^ctrift,  1390.  No.  12.  p.  20T.) 
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OT^nisms  grow  out  again  quite  aa  well  as  when  the  phenomenon 
has  been  prtxluued  in  a  serum  mixture  in  vitro.* 

Pfeiffer's  objection,  tlien,  is  untenable.  As  a  matter  of  fact,  the 
power  of  transforming  vibrios  is  very  market!  in  immune  serum. 
There  is  nothing  astonishing  iu  the  fact  that  after  a  eortain  time 
the  bactericiilal  properties  are  exhausted  and,  with  in-vitro  experi- 
ments whi'n  the  substance  \s  used  up,  there  is  no  means  of  renewing 
it.  In  tiie  animal  b*.>dyf  hoAever,  the  exudate  keejH  on  increasing 
after  injection.  Moreover,  it  would  not  be  surprising  to  find  that 
the  exudate  is  more  baetcricidal  than  serum,  since  even  at  the 
moment  of  injection  it  often  contains  more  leucocytes  than  does  the 
blood.  And  finally,  there  U  every  reason  to  believe  that  the  extent 
of  the  humoral  bactericidal  activity  which  occurs  in  the  peritoneal 
cavity  of  immunized  animals  is  exaggcraLcil.  Certain  vibrios  resistj 
and  either  retain  or  recover  their  motility;  and,  under  tlie  usual 
conditions  of  PFeiffer's  experimcntj  it  i;*  not  reasonable  to  speak  of 
an  extracellular  defltruetion  that  occun?  3  or  4  hours  after  injection 
for  the  sinjple  reason  that  by  this  time  all  the  organisms,  whether 
altered  or  not,  are  within  leucocytes.  After  this  time  any  further 
destruction  of  the  infective  agent  must  be  attributed,  not  to  the 
fluid,  but  to  the  cells.  Pfeiffer  has  repeated  Metehnikoff's  experi- 
ment of  injecting  into  a  norma)  guinea-pig  a  mixture  of  vibrios  and 
preventive  serum  in  an  area  where  edema  has  been  caused  by  venous 
compression.  Under  these  conditions  Metchnikoff  found  that  the 
vibrios  outside  the  ceils  were  not  change*!  into  granules.  In  this 
experiment  naturally  a  preventive  serum  that  has  not  been  freshly 
obtaine<^l  must  be  used,  since  a  fresh  eerum  might  of  it^  own  accord 
produce  a  metamorjjhosl:*  of  the  vibrio.  PfeitTer  obtained  a  difTerent 
result  from  the  one  noted  by  Metchnikoff,  that  is  to  pay,  he  did  find 
an  extensive  extracellular  change  in  the  organisms.  Metchnikoff'a 
results,  however,  were  constant.  Wc  have  found,  moreover,  that  In 
vitro  the  cholera  vibrio  is  unchanged  by  a  mixture  of  preventive 
scrum  and  edema  fiuid,  whereas  it  15  transformeil  by  a  mixture  of 
preventive  serum  and  fresh  normal  scrum.  The  unexpected  result 
of  PfeilTer'a  experiment  may  be  due  to  the  fact  that  this  edema  was 
not  pure  plaama,  but  contained  a  certain  amount  of  blood.  The 
punctures  that  have  to  be  made  to  obtain  the  exudate  may  very 

•  Thia  WBJ  very  clearly  shown  In  M*tchnilcofl'ji  cTtiwricoenU. 
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well  prtxiuce  slight  litmorrhagra,  and  we  know  liiaL  even  a  email 
amount  of  blood  seruui  will  affect  vibrios  in  presence  of  the  pre- 
ventive substance. 

Pfeiffer,  moreover,  was  unable  to  find  the  almost  instantaneous 
occurrence  of  phagocytosis  in  animals  proparocl  by  a  previous 
injection  of  bouillon,  under  which  conditions  it  will  be  recalled  the 
vibrios  immediately  encounter  a  large  number  of  pha^cytos.  It 
may  be  that  if  one  injects  a  large  amount  of  bacterial  emulsion 
at  a  low  temperature  a  momentary  paralysis  of  the  phacocytes 
may  be  caused  and  an  extracellular  transformation  may  therefore 
occur.  It  docs  not  seem  evident  that  Pfciffcr^s  conditions  were 
essentially  different,  which  fact  renders  hiij  results  atill  more  inex- 
plicable, as  wc  regularly  obtain  rapid  phagocytosis  under  these 
conditions. 

Pfeiffer  mentions  the  case  of  a  goat  that  had  been  well  immunize<l 
and  that  died  of  into^dcation  following  a  subcutaneous  iajcctton  of 
vibrios;  in  this  instance  the  dEstructJon  of  the  culture  wa^  brought 
about,  according  to  PfeifTer,  entirely  without  the  aid  of  phagocytes; 
no  white  cells  were  fouud  at  the  point  of  im>culation,  although  the 
cultures  were  negative.  When  ilealing  with  welMmmunizetl  animala 
B  few  scattered  leucocytes  may  be  sufficient  to  give  the  bofly  fluid 
a  distinct  baciericidal  power.  "WTiat  is  more,  it  is  quite  probable 
that  in  a  dead  animal  the  diffusion  of  bactericidal  substances  does 
not  follow  the  laws  that  obtain  in  a  living  animal.  Wo  know,  indeed, 
that  when  leucocytes  are  taken  out  of  the  animal  boily  they  liberate 
certain  sutetanees  more  remlily  than  they  do  under  normal  condi- 
tions, and  the  leucocytes  in  a  dead  or  dying  animal  can  scarcely  be 
considered  to  be  under  normal  conditions. 


IL    The    Effect    of    Sera    os    BAtrrERM     m     Vitro. 
Diagnosis  of  Bacteria  by  Serum. 


UE 


Before  endeavoring  to  iletemnne  the  mechanism  of  passive 
immunity  more  e?cactly  we  must  consiiier  the  exact  efTect  of 
serum  on  vibrios  m  vitro.  To  be  perfec lly  clear,  we  must  consider 
this  subject  from  the  beginning,  which  will  necessitate  the  repeti- 
tion of  certain  details  that  have  already  been  pubhshed- 

In  the  first  place  we  may  recall  that  the  serum  of  an  immunized 
Enimal  causes  the  granular  transformation  of  the  vibrio  used  for 
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immunizatioD,  wliich  phcnonienou  serves  as  an  ind^x  of  tlie  bac- 
Itficidal  power  which  this  fluiii  possesses-  If  aD  emulsion  of  vibrios 
is  mixed  with  preveative  serum,  they  lose  their  motiiiiy,  coUect 
mlo  compact  clum|>s  and  finally  undergo  transformation,*  This 
effect  by  eerum  is  rather  markedly  specific^  as  we  shall  consider  in 
detail  later  on- 

Scrum  that  has  been  ktpl  for  some  lime  or  has  been  heated  to 
CO  degrees  remains  preventive  and  may  stiJl  inomunize  animals,  as 
Fracnkcl  aiid  Sobcrnheimf  were  ihe  first  to  note,  but  loses  itt;  bac- 
tericidal power.  Under  these  comiitions  it  aleo  lose*^,  as  might  be 
imagined  and  as  we  have  pointed  out.  the  property  of  producing 
granular  transformation  of  the  vibrio.  But,  aa  we  have  particularly 
emphasiacdj  the  bactericidal  power  may  be  restored  to  such  serum 
and  it  may  again  become  able  to  transfonn  vibrios,    -\lthough 

*  iL  hud  not  bFcn  distinctly  re^ogalzcd  Wfure  our  cxperimenta  that  preventive 
Gerum,  when  flJdi?^]  in  v^ry  small  amcuni  (o  £.n  Emuisioii  of  ih?  bacteria  ogninat 
which  IfjD  £criim  is  active,  causca  their  clumping  in  Utile  ra9.sscs  llmt  Jloat  in  the 
fluid  Obiienaitonb  on  [lie  duiuping  aclion  of  Lhc  scrum  of  an  immunized  auinuL] 
had,  however,  l*en  maiJe  Charrin  and  Roger  (D^vcloppement  defl  miprnhsg 
pnthog^nts  dana  Ic  semm  des  Lxninmus  vaccinfo,  Soci^U  de  Biologic,  ISSO,  p,  667) 
niay  be  credited  with  ibid  obKrv'utiun-  Tlte^c  nuthura  noLeJ  th&t  *'n  riilturo  of 
B  pyoeyanciiB  bccomcR  clear  and  transparent  vhcn  pWe^l  in  the  Acnim  of  an 
iromun  [acil  animaL  The  or^anismB  are  collected  in  tiny  cEumpa  \vhich  mny  be 
separakU  by  aliaking  the  tube,  but  uEilcIj  full  zigum  to  the  bottom  when  lefL  tfLand- 
ing;  bacilli  pkced  in  tiormal  Berum  show  no  such  peculiarity.  Iti  thp  Btrum  of 
refractory  animab)  hoivcrvcr,  the  appcuronoe  a  vety  diatinctivc;  the  orgaciiaDU 
are  united  in  chains.  «lc-  TinailyH  these  elements  lend  to  collect  la^ether  aad, 
instead  of  Boating  Ireelyj  39  do  normal  baciUi,  they  pile  up  la  little  dumps,  wtiich 
explaina  the  dotted  appearance  of  the  culture/' 

Luter  ou  ML'teholkufT  (ADDalcd  Piistcur,  ISDl,  p.  473  ec  474)  noted  ihc  same 
phenomenon  with  the  vibrio  MetcUmkovj;  ho  louod  tint  this  or,[5aQiam  develops 
CD  tbc  btooii  aud  £crum  of  non- vaccina  ted  j^uinea-piE^  aa  it  doea  in  aoy  ordinary 
fluid  nicdium.  In  the  Rpnim  of  imniiinized  animals,  on  iha  eontmry.  the  culture 
BbfjxvA  dofinice  clots  that  Hoat  about  in  a  clear  Liuid  oa  agitation  aiiii  then  fill  to 
tlie  huttumof  t^ie  tub?.  He  noted  the  same  fact  ^rith  tbeor^Qiam  of  pneumonia, 
nnd  hia  obfiervutiou  waa  confirnu^]  two  years  later  (Aorjale^  Pasteur,  1S!I3)  by 
tssacf,  who,  later  ettll,  in  collal>onition  q-ith  Ivanhoffn  found  that  the  fiaraa  pho- 
nonJcnon  occurred  with  a  vibrio  djacuvcrcd  by  the  latter. 

Althoug[i  MelchniknfT  was  iticllnefl  to  rpgard  these  phenomena  of  clumping 
as  oF  general  EigniheanceH  he  made  no  dcEoite  etatemcnt  to  thi^  efFeet,  because  the 
phenomenon  did  iic>t  occur  in  cultures  uf  the  orgnniAm  of  pucutiioenterttis  on 
adiljng  the  serum  of  anlm^  immuniEcd  against  it  (Armales  de  rinatiCut  Paateur, 
18^2). 

t  Hygietiischc  Ttundschau,  1804. 
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hoatod  immune  aerum  eootains  only  the  prevenlive  substance,  its 
strong  antiseptic  (jower  against  the  vibrio  may  be  restored  by 
mixing  with  it  freeh  normal  ecrum,  which  in  itaelf  is  only  faintly 
bactericidal.  This  simple  cxpcrimeDt  led  us  to  the  rather  para- 
doxicaJ  conclusion  that  "two  eera,  neither  of  which  is  distinctly 
bactericidal,  form  a  mixture  which  has  marked  antiseptic  proper- 
ties against  vibrios/' 

Only  a  very  small  amount  of  preventive  substance  is  necessary  to 
endow  the  prcfonned  subHtance  of  normal  ecrum  with  great  activity 
and  with  specificity.  Normal  serum  heated  to  55  degrees  loaea  ita 
power  to  form  a  bactericidal  mixture  with  preventive  serum. 
Edema  fluid,  aqueous  humor,  etc.»  from  a  normal  guinea-pig  differ 
from  normal  scrum,  since,  mixed  with  preventive  serum  and  an 
emulsion  of  vibrios,  they  cau^e  no  iiictjimorphosis.  The  preventive 
substance  in  immunizeil  animals  passes  more  rapidly  into  the  edema 
fluid  than  does  the  bactericidal  substance  as  is  shown  by  the  fact 
that  the  eilema  fluid  of  a  vaccinated  guinea-pig,  whieh  does  not 
cause  granular  tratisf  on  nation,  will  produce  it  on  the  addition  of  a 
small  amount  of  fresli  serum. 

Wewere  led  to  the  conclusion  that  the  intense  bactericidal  prop- 
erty of  immune  serum  Is  due  to  the  eonibination  of  two  substances ; 
one,  the  specific  preventive  substance  which  resists  heating  to  60 
degrees  or  even  more;  the  other,  the  bactericidal  substance  properly 
speaking,  which  is  not  specific  and  In  itself  is  only  slightly  active  and 
is  present  in  normal  as  well  as  In  immunize<l  animals.  This  latter 
substance  is  sharply  differentiated  by  the  fact  that  it  is  destroyed 
by  keeping  for  any  length  of  time,  or  by  heating  to  55  degrees.  The 
serum  of  vaceinatetl  animals  when  fresh  contains  both  substances^  it 
may  easily  be  deprived  of  one  of  them  by  heat,  but  the  original  prop- 
erties of  the  serum  may  he  restored  synthetically  by  adding  to  it 
the  part  that  has  been  lost,  that  ie  tosay^  the  bactericidal  substance 
[or  alexin)  of  normal  serum. 

Since  experiment  has  shown  ua  that  the  simultaneous  presence  of 
both  substances  is  necessary  to  constitute  bactericidal  power  against 
the  vibrio  we  must  now  consider  what  the  respective  action  of  each 
Bubetance  in  the  mixture  is.  If  we  add  to  an  emulsion  of  vibrios 
preventive  serum  alone,  that  is  to  say,  serum  previously  heatetl  for 
half  an  hour  to  60  degrees,  we  find  that  the  organisms  remain 
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morphologically  intact,  but  that  inaoy  of  them  become  motionlepa 
and  clunijiMJ  * 

If  a  mixture  \a  made  of  vibrios  ami  normal  serum  witboub  the 
specific  preventive  suljstaiice,  certain  bacteria  lose  their  motility  and 
furm  round  granule-s;  UiL-^  transformation,  however,  is  only  ^-light. 

It  is  evident  from  these  facts  that  the  preventive  aubatancoimmo- 
bilizes  and  clumjjs,  and  that  it  becomes  still  oiore  activo  when 
accompaDied  by  t!ie  bactericidal  sulDstancc,  Of  the  two  substances 
the  normal  bactericidal  substance  is  the  only  one  which  alone  can 
cause  even  a  partial  morphological  change  io  the  organism.  It 
appears  probable  then  "that  the  preventive  substance  exerts  a 
corlain  unfavorable  effect  on  the  vibrios^  although  it  is  not  a  real 
antiseptic ;  and  that  this  effect  causes  them  to  react  more  distinctly 
to  the  power  of  the  bactericidal  substance," 

The  origin  of  this  important  bactericidal  substance  which  occurs 
in  nonnal  as  well  as  in  immunized  animals,  and  also  in  sick  anim&ia 
or  animals  that  have  died  of  various  infections^  is  known.  It  is 
the  substance  found  within  the  leucocytes,  and  which  even  in  normal 
animals  is  sufficiently  concentrated  in  the  cells  to  bring  about  a 
granular  modification  of  organisms  ingested  by  the  phagocytic 
proto|jlasrn.  Asn  result  of  the  coa^lation  of  the  blood  it  is  partially 
libcrattrl  in  the  senim.  and  gives  evidence  there  of  its  activity  when 
combincil  with  the  preventive  substance,  although  this  activity  is 
necessarily  weakened  by  dilution. 

This  repre^spntcil  the  status  of  our  knowlptlge  a  year  ago.  In  a 
ceries  of  recent  articles  Grulxr  has  carefully  repeatcfl  the  majority 

*  It  must  tw  noted  (hat  this  phcnomcncc  oF  tmmabiliaiiig  and  clumping  is  not 
neariy  so  ^Irikiii^  with  healed  &erum  as  with  Fredh  aerum.  In  hfriltd  eerurn^ 
in<>reovcrH  lite  vihrios  rtow  rapidly,  and  after  thoy  ccnsp  to  led  the  dumping 
influence  of  the  ^mm  eprcad  dilfuscly  throughout  the  fluid.  Some  time  ago 
MelrlintkofT.  in  hia  work  on  the  vibrio  MetcUnikovi.  noted  that  the  vibrios  grew 
unpliimppd  in  Iho  inflamm.iLory  i?:fudflle  of  the  imraiinizcri  giiinoa-pig.  wherefla 
thoy  Vtcrt:  ng^jjlinaltd  nhcn  inociilat(>d  in  the  eerum  of  tht  Bamn  aninml.  This 
ofTcra  yet  Fun  her  analogy  between  the  properties  oF  the  eiudate  and  the  heated 
Bemra,  nhieh  we  hnve  already  found  to  bo  very  eimilflr.  Both  fluids  pontnin 
(provided  they  havr  been  taken  from  jmrauniawd  aaimals)  the  preventive  aub- 
etance;  but  Ihtir  liur(i;rindal  aclivity  i*^  v(^ry  much  leivi  than  Lhat  of  mlaot  perum 
Tl  mayabjo  he  lulded  thai  Ivkr^ti^rinrulTivM^  in  h^ted  preventive  Aenim  undergo 
elumpinp  anrl  gran u lor  Ira nsformn Hon  when  a  certain  amniint  of  nnrmol  aerum  ia 
added  to  the  culture.  This  addition  restores  to  ttie  Hirujn  ita  onf;inal  qualities, 
even  after  it  has  B^rvad  as  a  culture  medium. 
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of  the  experimenLfi  which  we  have  mcntioneil  and  adiled  others, 
and  B^  Tve  shall  t^^e  presently  he  ha.^  lirawu  cerLttin  conclusions  as 
to  the  mechanism  of  passive  immunity  uhich  are  in  part  similar 
to  our  own.  This  confirmation  i?^  gratifying,  but  we  shall  not  con- 
sider further  such  ex[x?rimpnt«  and  coneluaions  as  have  already 
been  raentioneih  We  shall  condder  more  particularly  the  new 
facts  and  interpretations  which  he  has  offered,  first  of  all  Gruber 
finds  that  B.  coli  and  B.  typhogus  react  under  similar  conditions  in 
thesamewayasdothe  vibrios,  that  is  tosay,  they  lose  their  motility 
and  become  el  limped. 

Gruber  thinks  that  a  swelling  and  vis<?osily  of  bacteria  will 
explain  Iheir  clumping  by  preventive  sera.  He  thinks,  moreover, 
that  this  viscosity  actually  produces  the  collection  and  adhesion 
of  separated  organisms  into  clumps.  On  this  account  Gruber  calls 
tho&c  substances  that  proilucc  clumping  "a^Iutimn^."  However 
fitting  this  term  may  be,  we  muj:t  consider  first  whether  the  swell- 
ing and  viscosity  of  bacteria  can  e^cplain  a  collection  and  clumping 
of  disseminated  micro-organisms.  It  is  quite  conceivable  that  vis- 
cosity may  prevent  the  separation  of  bacteria  already  clumped, 
but  it  is  not  quite  so  clear  liow  this  change  can  bring  them  together, 
particularly  when  we  are  dealing  with  non-motile  organl^^ms, 
Tetanas  bacilli  and  streptococci  arc  clumped  by  sera;  ami  innlile 
organisms  (suHi  as  the  cholera  vibrio)  orv  clum|x^l,  even  when  they 
have  been  kille*l  with  chlorofonn  and  so  Inst  their  motility. 

When  cholera  vibrios  are  mixed  with  heatwl  cholera  serum 
clumping  occurs,  but  no  granular  transformation  is  to  be  noteil. 
The  clumping,  however,  occurs  very  well,  even  when  serum  that  has 
been  kept  for  sfjme  time  is  usetl;  clumping,  moreover,  occur  very 
rapidly,  whereas  the  metamorphosis  takes  some  time.  Vibrios  that 
have  been  rapidly  brought  togeiherinto  definite  masses  when  colored 
by  the  usual  stains  show  no  di^^tinct  alterations  * 

It  is  evident  then  that  the  viscosity  of  elumpctl  bacteria  cannot 
be  directly  demonstrated  and  consequently  must  be  regarded  as 
purely  hypothetical  This  idea  of  a  surface  modification  of  baeteriii 
which  Gruber  recards  as  certain  becomes  less  admissible  when  we 

•  When  about  to  send  these  pflg:eft  to  the  press  wp  frmnii  that  Pfeiffpr  has  nnled 
that  mmo  fact  id  tbo  lost  Dumber  of  the  DeiitacLe  m&dicinifiche  Wiitcheoschrift, 
Apnl  0,  JS96. 
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5tu<ly  the  clumping  produced  by  g]jccific  &cra  in  organiama  other 
than  the  vibrios.  If,  for  (?xampk",  wc  examine  the  dunjpa  of  tetanus 
bacilli  which  are  well  formed  by  the  action  of  an  antitoxic  horae 
serum,  we  find  that  the  bacteria,  although  collected  in  small  masaeSf 
do  not  adhere  well  A  similar  fact  is  suggestei.!  on  examination  of 
stained  preparations  oF  masses  of  vibrios.  The  preparations  made 
from  a  clnmpeil  culture  of  tetanus  suggest  in  appearance  a  handful 
of  pias  that  ha.s  licen  t-arelessly  thrown  on  a  table.  Tlie  clearly 
defines!  .stiff  rids  crass  t-anh  other  in  all  direnti^ins  without  giving 
evidence  of  an  intimate  contact,  and  with  rather  large  apej^es 
between  them.  The  appearance  of  tlie  ba*^llli  is  absolutely  normalf 
eveu  when  they  have  remainetl  for  a  lorg  time  in  the  serum.  An 
examination  of  clumped  streptococci  gives  similar  results.  Clump* 
ing  may  be  noted  also  in  cells  other  than  bacteria.  Red  blood  cor- 
puscles, forexample,  mayshowit  verj- distinctly.  If  a  small  amount 
of  rabbit  serum  is  added  to  guinea-pig  serum  containing  a  few  blood 
corpixsclc^  the  latter  very  rapidly  undergo  a  curious  modification; 
insioaii  of  remaining  scat tere<l  uniformly  throughout  the  fiui<l  they 
collect  in  perfectly  definite  clumps  which  stand  out  as  little  red 
points  in  a  clear  liquid. 

But  if  instead  of  using  rabbit  serum,  we  add  the  serum  of  one 
guinea-pig  to  the  corpuscles  of  another,  no  change  takes  place  in  the 
uniform  turbidity  of  the  6uid.  Horse  serum  when  a^jded  to  red 
blood  corpuscles  of  the  guinea-pig  or  of  the  rabbit  clumps  them 
energetically.  In  a  similar  manner  rat  eerum  clumps  rabbit  cor- 
puscles and  \'icc  versa;  goat  ecrum  [}r<xluccs  the  same  effect  on 
guinea-pig  corpuscles.  These  facta  would  indicate  that  as  a  general 
rule  red  blood  corpuscles  arc  clumped  by  serum  from  a  different 
animal  species. 

It  may  be  added  that  the  cholera  vibrio^  when  cultivated  in 
guinea-pig  serum  containing  corpuscles,  clumps  them.  It  would  be 
interesting  to  ascertain  whether  red  bloovl  corpuscles  subjected  to 
the  efTeet  of  foreign  serum,  nr  taken  from  an  infected  animal,  still 
show  normal  osmotic  properties  and  act  in  the  usual  manner  with 
salt  solutions. 

There  is  a  striking  analogy  between  the  clumping  of  red  blood 
cells  by  a  foreign  serum  and  the  effect  of  preventive  serum  on  bac- 
teria.    If  we  imagine  that  bacteria  swell  up  and  become  viscous 
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le  we  find  them  clunipeJ,  we  ?^hfiul<l  draw  thtsamecnncliisica 
B^  fo  the  clumping  nf  coqjuscles.  If,  liawever^  we  exaniine  the 
clumps  of  T&\  blootl  corjJtisdes  pnxlueed  by  horse  serum,  it  k  found 
that  they  shew  no  distinct  difference  fruni  nonnal  cor|iUticlm  whether 
examinetl  fresh  or  in  sLainLtl  preparations,  Tf  two  or  three  drops 
of  such  clumped  cells  are  heated  on  a  slide  to  GO  degrees,  the  cor- 
puscles ^i>[]ara1e  quickly  as  the  temperature  rises;  on  cooling  Again 
the  clumping  reappears  and  disappear  again  when  reheated;  and 
this  procetlure  may  be  repeated  two  or  three  times.  A  rise  in  tem- 
perature U  found  Ui  produce  the  same  effect  on  clumped  bacieria, 
although  in  this  caae  the  phenomenon  is  not  ao  reaciily  observed** 
Corpuscles  or  bacteria  that  have  been  separated  from  the  clumpa 
by  ricans  of  boat  arc  morphologically  and  tinctorially  normal.  The 
hypothesis  that  cells  such  as  bacteria  or  red  blood  cells  undergo 
some  modification  when  subjected  to  specific  serum  has  little  prob- 
abihty-  This  hypothesis,  moreover^  we  may  repeat,  would  account 
for  the  persistence  of  the  clumps,  but  not  for  their  formation;  it 
does  not  explain  the  action  of  heal  just  noted  nor  ia  it  in  harmony 
with  the  microacopic  appearance  of  the  organisms,  which,  although 
dumped,  show  no  ^"iaible  alterations.  The&e  clumping  phenomena 
seem  due  rather  t^  some  phenomenon  of  molecular  physics.  The 
alightertt  elTecls,  aw  we  knew,  may  cau.se  chemical  precipitatprf 
whii;h  have  remained  uniformly  suspendeii  in  a  fluid  lo  fall  to  the 
bottom. 

1(  U  probable  that  serum  action  bacteria  by  changing  the  relations 
of  molecular  attraction  between  the  booteria  ani.1  the  surrounding 
fluid.  As  far  ss  Lhe  effect  of  heat  irs  eoueemed  it  may  be  explained 
by  the  well-known  effect  of  temperature  changes  on  molecular 
phenomena,  as,  for  example,  on  the  superficial  tension  of  fluids. 

This  |x>int  of  view  would  imply  that  bacteria  in  sLJspension  act 
as  inert  particles  when  clumped  by  a  serum.  There  can  be  no 
question  of  active  participation,  as  we  know  that  cholera  \ibrioa 
killed  by  chloroform  may  still  be  clumped. 

The  second  point  which  has  been  considered  by  Gniber  and 
Durham,  t  and  which  they  have  explained  in  a  rather  peculiar  man- 

"  Hpai  has  litlli:  ^ITect  on  dumps  nr  Ktreptcwocd,  hut  ih\p\a  djR  la  ihe  fact 
that  ihv  ohain^  of  organiama  art^  eo  mt'>r]iLced  lu  to  hold  togelUer- 

t  Einc  ncucMothodc  Eur  raHihcn  Erkcnnviiif^dcrCboLeravibnaucid  dcsTyphiU- 
bacillLia-    MuacUeaer  med.  Wucbeajfchrift,  Man^  31,  1S9Q. 
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ner^  is  the  question  of  the  specificity  of  sera  and  the  value  of  this 
specificity  as  a  means  of  certain  diagnosis  of  bacterial  species-  The 
diagnostic  method  founded  on  the  instance  of  specificity  offered 
by  Pfciffcr  is  well  known.  The  scrum  of  an  animal  vaccinated 
against  the  cholera  vibrio,  for  cjcamplc,  when  injected  together  with 
a  culture  of  the  true  vibrio  into  the  peritoneal  cavity  of  a  normal 
guinea-pig  causes  loss  of  motility  and  then  rapid  transformation  of 
the  vibrios  into  roundish  granules.  ^Vc  arc  safe  in  concluding  that 
all  vibrioa  which  give  this  reaction  in  presence  of  an  antichojera 
serum  are  true  cholera  vibrios.  According  to  Pfciffcr,  all  the  true 
cholera  vibrios  do  act  in  the  same  way,  which  fact  gives  us  a  means 
of  difitinguighing  Koch's  vibrio  from  similar  vibrioa  and  from  other 
species  of  bacteria. 

Thia  nieUioil,  however,  has  not  appeared  to  all  to  be  absolutely 
certain-  When  we  say^  indeetl,  that  r^ra  are  specific  and  that  one 
may  utihze  this  specificiiy  as  a  means  of  diagnosis  two  distinctly 
independent  facts  are  implied,  each  oneofwhicli  demands  a  separate 
demonstration.  It  nieaas  "^  ^^^^  ^^^  place,' tliat  the  animal  body 
during  vaccination  acquires  certain  new  properties  wliich  are  in  a 
direct  and  Intimate  relation  to  the  kind  of  bacteria  that  have  been 
used  in  immunization.  It  would  seem  that  this  fact  has  already 
been  justified  by  ex|)eriniont;wohavG  found,  fore.vample,  that  the 
serum  of  a  guinea-pig  vaccinated  against  cholera  is  specifically 
bactericidal  for  the  true  cholera  vibrios  and  has  little  or  no  effect 
on  vibrios  that  are  knou-n  to  differ  from  the  cholera  vibrios,  for 
example,  the  vibrio  Melchnikovi.*  Bui  it  is  at  the  same  time 
asserted  that  bacteria  which  have  once  reacted  in  a  positive  or 
negative  manner  to  a  given  j^rcvcntive  scrum  will  thereafter  always 
act  in  the  same  way  whatever  may  be  their  subsequent  contiition 
of  existence.  This  statement  implies  that  there  are  no  transitional 
fonna  between  organisms  which  react  positively  on  the  one  hand  and 
those  which  act  negatively  on  the  other;  such  a  lack  of  transitional 
forms,  indeeil.  is  necessary  to  rentier  the  methoil  precise.  This 
conception,  which  tends  to  establish  distinct,  insuperable  limitations 

•Theec  fact*  were  daoionBtratiKl  firat  by  Pfoiffcr,  We  had  previouslr  noted 
a  gimilaf  pheaomeDoa,  ruLmcly.  lliaL  the  scrum  ol  auimab  vaccmaU-d  [i^uiu^t  tbv 
phol^ra  vibrio  wh^n  injecTed  into  a  normnl  guinea-pig  E^ntlaws  the  9#nim  of  Ehia 
aDimnl  tvitb  iDtcosc  bactericidal  power  agaiaat  the  cholera  vibrio  and  agaiaat 
this  vibriu  only. 
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between  bacterial  species  that  are  so  (Jifllcult  to  define  and  separate, 
woulti  scarcely  appear  to  be  in  harmony  with  our  present  knowledge 
of  the  origin  of  species.  Moreover,  we  know  that  the  vibrio  of 
Massaouah,  which  is  certainly  a  cholera  vibrio,  does  not  show  the 
granular  change  with  cholera  serum.  The  methodr  however,  in 
many  instances  may  be  of  real  value  and  aid  considerably  in 
confirming  tbe  diagnosis. 

lastead  of  injecting  vibrios  and  serum  into  the  peritoneal  cavity 
of  an  animal,  there  is  a  simpler  method,  which  v^c  have  described  aa 
a  modification  of  the  Pfeiffer  diagnostic  procetlure»  and  which  con- 
sista  in  making  a  mixture  of  the  vibrio  and  fresh  preventive  scrum 
in  vitro  (in  cofic  the  preventive  serum  is  not  fresh,  fresh  normal 
scrum  may  be  added).  If  the  organism  is  susceptible  to  the  action 
of  the  aenim.  in  other  words,  if  it  belongs  to  the  strain  against  which 
the  animal  that  has  furnLshed  the  serum  has  been  vaccinat^l,  it 
will  lose  its  motility  by  clumping  and  show  granular  transformation 
as  already  described.  We  described  this  proceilurein  vibrios  only, 
whereas  Pfeif!er  has  applied  his  method  not  only  to  vibrios,  but  to 
the  colon  bacillus  and  the  typhoid  bacillus  as  well. 

Gruber  and  Durham  make  a  diagnosis,  not  only  between  vibrios, 
but  even  between  B.  coli  and  B.  typhosus,  using  a:^  the  single 
criterion  the  immobilizing  and  clum[jing  effect  which  each  specific 
serum  shows  for  its  respective  micro-organism.  For  example,  it  is 
assumed  that  a  suspension  contains  typhoid  bacilli  if  tlie  organisms 
in  it  are  clumped  by  antityphoid  senitn. 

Aa  far  as  vibrios  are  concerned  Gruber  and  Durham's  method  ia 
only  a  mutilation  of  our  own  in-vitro  method.  Our  method,  as  we 
have  just  described  it,  gives  three  distinct  indications  of  the  reaction 
of  the  bacteria  in  question  to  the  serum  that  is  used.  These  indica- 
tions are  loss  of  motility,  clumping,  and  granular  transformation. 
Gruber  and  Durham  pay  no  attention  to  this  latter  important  indi- 
cation and  consider  only  the  first  two.  A  priori  it  would  seem 
impossible  to  have  too  many  distinctive  indications  in  dealing  with 
a  task  so  delicate  as  a  diagnosis  between  two  closely  relateti  species 
of  bacteria,  and  it  would  seem  that  ignoring  one  of  these  indicat- 
ing signs  would  scarcely  constitute  progress*  In  other  worda,  we 
should  consider  all  the  indications  of  specificity  that  our  data  may 
afford  us. 
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If  those  substances  in  sera  wlijch  clearly  and  actively  cause  the 
iromobilizatioo  and  clumping  of  a  given  bacterial  speciea  arc  to  be 
found  in  the  serum  of  a  vaccinated  animal;  and  if  the  clumping  by 
a  specific  serum  occurs  only  with  bacteria  which  are  similar  to  those 
used  to  vaccinate  tlie  animal  from  which  the  serum  is  derived,  and 
if,  thirdly,  bacteria  of  the  same  species  always  act  in  a  similar  man- 
ner with  a  given  serum;  we  may  then  regard  as  exact  diagnoses 
based  on  dumping  alone,  witliout  consiilcring  such  other  charactera 
Bs  granular  trans foruiatioD.  Not  all  tlie-ie  conditions,  however,  are 
realize*.!. 

First: — Clumping  of  bacteria  may  be  produced  by  sera  other  than 
specific  preventive  sera;  for  example^  nonnal  horee  serum  clumps 
cholera  vibrios  energetically.  A  similar,  though  slightly  feebler 
effect,  is  pro<lucGtl  on  the  labrio  Metchnikovi;it  also  happens  fre- 
quently ^Lh  B,  tctani,  B.  coU  and  B,  typhosus  and  less  distinctly 
with  the  3treptococcu3  (the  culture  used  was  very  virulent)  *  Thia 
property  persists  in  horse  serum  that  has  been  kept  or  heated  for 
half  an  hour  to  from  60°  to  52°  C. ;  under  this  latter  condition,  how- 
ever, the  properly  is  somewhat  diminished- 

If  two  drops  of  horse  serum  are  added  to  1  c,c,  of  an  emulsion  of 
vibrios  (a  24-hour  agar  culture  suependetl  in  20  c,c,  of  normal  salt 
solution)  the  bacteria  fall  rapidly  to  the  bottom  of  the  tube  and 
the  supernatant  fluid  becomes  absolutely  clear  within  two  hours. 
The  cliimping  property,  then,  is  well  developed  in  horse  eerura,  and 
much  better  dcvelopcl  relatively  than  la  the  immobiUaing  property. 
For  it  m  found  on  examining  hanging  drop  i^reparations  from  the 
emubion  of  vibrios  and  serum,  that  there  are  vibrios  which,  although 
brought  together  in  definite  masaofi,  have  not  entirely  lost  their 
motiUty;  these  motile  vibrios,  moreover,  frequently  cause  a  move- 
ment or  turning  of  the  entire  mass.  These  facts  may  be  noted  even 
when  a  large  amount  of  scrum  m  employed.  But  if  such  mixtures 
have  been  ma^lc  according  to  Gruber'a  methotl  in  t^st  tubes,  the 
deposition  of  bacteria  is  complete,  as  clumps  fall  to  the  bottom  in 
spite  of  their  oscillating  movements.  Although  the  specific  preven- 
tive serum  of  the  immunized  guinea-pig  gives  complete  immobili- 
zation more  easily,  horse  serum  produces  the  same  effect  on  the 

*  Normal   goines-pig   eoruzn   has  practically   ao  eSEect  aa  tJioB«  diHetcat 
bacterid, 


ox  THE  MODE  OF  ACTION  OF  PREVENTnT  SERA. 


'J7 


majority  of  the  vibrios  and  caus(«  very  enerj^'euc  dumping.  If  we 
note  the  clarification  of  tubes  containing  an  emulsion  cf  cholera 
and  a  ver>'  small  dose  of  specific  serum  we  find  that  it  takes  con- 
siderable time  for  completion.  It  is  partial  at  first,  owing  to  a 
rapid  dep<.>f!ition  of  clumps,  but  proceeds  gradually  by  the  falling  of 
isolated  motionless  \1brios  that  are  not  clumped,  and  therefore  sink 
to  the  bottom  slowly. 

We  have  then  two  sera  which,  although  essentially  different,  have 
eimilar  properties.  We  might  look  on  the  horse  as  having  naturally 
the  preventive  substance  against  the  cholera  vibrio  and  on  this 
BUpposition  we  might  postulate  that  the  injection  of  horse  aerum 
would  give  guinea-pigs  a  certain  immunity  agatniit  this  organism  * 
But  the  clumping  substance  of  normal  horse  serum  differs  very 
distinctly  from  the  similar  clumping  substance  of  the  immunized 
guinea-pig.  The  first  causes  an  ajigluti nation  of  the  red  blood  cor- 
puscles of  the  normal  guinea-pig,  but  the  second  does  not.  We  may 
conclude,  then,  that  the  property  of  clumping  bacteria  does  not 
belong  exclusively  to  the  specific  preventive  substance,  and  we  can- 
not refer  to  "clumping  substance"  and  '^preventive  substance"  as 
s>-nonymous.  iUl  that  we  can  say  is  that  in  animals  whose  serum 
normally  is  neither  clumping  nor  preventive,  vaccination  may  give 
rise  to  both  properties. 

Second: — If  the  objection  which  we  have  just  outlined  were  the 
only  one,  we  might  use  the  clumping  effect  of  preventive  sera  as  a 
means  of  diagnosis  if  we  took  care  to  a^  only  an  immune  serum 
from  animals  Jn  whose  serum  no  such  property  is  present  before  im- 
munitation  (the  guinea-pig). 

But  the  effect  which  we  are  considering  is  never  entirely  specific, 
even  in  serum  from  aueh  animaU.  Gruber  himself  mentions  certain 
examples  whiL^li  invalidate  tiie  law  of  specificity,  We  must  con- 
wder  tliis  pobit  rather  in  detail  We  find  that  senmi  fRjiu  guinea- 
pigs  vaccioatet!  againf>t  tlie  cholem  vibrio  (Eastern  Prassia)  agglu- 
tinates energetically  the  vibrios  from  Eastern  Prussia,  of  Massaouah 
and  less  completely,  but  very  distinctly,  the  colon  bacillus.    And 

'  This  fad  biiB  l)W[i  ixoli;d  by  Pfeitlcr  aud  we  can  confirm  it.  Tbe  preventive 
power,  howevtff,  is  aevor  very  strong.  Wo  may  iidd  that  iho  subcutaneoua  mjec- 
lion  of  3  tc,  oi  hxtno  ecnim  m  the  guinea-pig  markedly  mcTcaaca  tho  bactericidal 
proprily  of  the  anintal.  The  increoac.  however,  is  not  nearly  su  gn&l  aa  th&t 
CRUied  by  sp«ciQc  scnim. 
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again,  the  serum  oF  a  rabbit  vaccinatcii  against  Massaouah  fwhich, 
iRjwever,  wa-s  uot  very  powerful)  t:lutnixHl  the  Ma-ssaouah  organism, 
aof]  had  only  the  slightest  effect  on  the  vibrio  of  Ea^steni  Prussia  aa 
we  Jiave  alreMiy  noled  in  eonjunction  with  Mesnil.  It  is,  therefore, 
Dot  certain  that  in  using  different  seiB  we  shall  always  obtain  the 
fiSJne  result. 

Third:- — ^A  micro-organism  which  ortlinarily  is  clumped  by  a 
given  serum  may  undergo  such  changes  as  to  be  no  longer  distinetly 
ttfTccled  by  this  serum.  In  1S91  MetchnikofF  founil  that  the  vibrio 
Metchnikovi  growTi  in  the  exudate  of  an  immunized  animal  might 
either  form  clumps  or  else  grew  as  individual  organisms^  according 
to  the  previous  conditions  under  which  the  culture  haii  lived. 
Metchnikoff  and  I  have  recently  convinced  ourselves  that  a  very 
virulent  \ibrio  from  Eastern  Prussia,  after  living  for  some  time 
within  the  protoplasm  of  phagocytes,  was  aPfeeled  only  very  slightly 
by  serum  from  a  horse  vaednateil  against  choiera.  This  vibrio  had 
been  injected  subeutaneonsiy  into  a  horse  and  the  exudate  with- 
drawn after  phagocytosis  was  complete.  Vibrios  from  the  original 
culture  transplanted  on  agar  were  very  strongly  clumped  by  the 
serum  of  this  animal,  whereas  the  organiems  drawn  from  the  exudate 
of  the  animal  remained  scattt;retl  and  caused  a  permanent  cloudinesa 
in  tbc  fluid.  This  modification  of  the  vibrio,  moreover,  lasts  for 
several  generations. 

IMien  dealing  with  an  organism  that  has  been  recently  isolated 
we  have  very  indciinite  knowledge  a^  to  its  previous  conditions  of 
existence.  It  may  well  be  that  in  nature  certain  intluencea  change 
organisms  in  such  a  way  that  they  become  insusceptible  to  the 
clumping  action  of  scrum.  Since  the  property  of  collecting  bac- 
teria into  clumps  does  not  belong  exclusively  to  specific  preventive 
substances,  and  since  the  clumping  effect  of  a  preventive  serum  ia 
not  absolutely  specific;  since  bacteria  are  susceptible  to  changes  in 
respect  to  elum])ing,  and  their  reaction  to  a  given  senim  i^  incon- 
stant ami  var>ing,  it  mii^t  be  ailniitte^l  that  suppressing  such  a 
diagnostic  sign  as  the  granular  transformation  does  not  add  to  the 
accuracy  of  this  type  of  investigation. 
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m.    The  FtrvcTjoN  of  Cells  and  of  Booy  Fluids  in  Immunitv. 

The  Mechavisw  of  Passive  iMMUNmr  a\d  rra  Rela- 
tions TO  Active  iMMUwrrv, 

In  the  first  section  of  this  article  we  recaJletl  to  the  reader  experi- 
ments  that  demoaslrattd  the  respective  activities  of  the  cells  and 
the  body  fluids  on  vibrios  that  had  got  into  the  tissaes.  It  was 
mentioneil  that  celU  may  act  either  by  liberating  bactericidal  proper- 
ties in  the  surroundiag  fluid  or  by  taking  up  intact  or  modified  bac- 
teria. It  was  evident  also  that  of  these  two  modes  of  action  the 
second  is  the  more  important  and  the  only  essontiaJ  one.  Phago- 
cytosis lakes  place  in  all  cases  and  neither  previous  granular 
change  nor  loss  of  motility  are  necessary  for  its  occurrence-  The 
body  Quiih  in  tranpforrnlng  or  changing  vibrios  act  simply  because 
they  have  received  active  principle*^  from  the  leucocytes-  Although 
it  is  true  that  the  fluids  may  in  certain  cases  destroy  large  numbers 
of  \'ibrios.  phagocytosis  ncvertlieless  occurs  markedly  and  is  the 
ultimate  means  of  destroying  the  infection. 

Neither  the  clumping  nor  immobilizing  of  bacteria  la  to  be  con- 
sidered as  indicative  of  their  destruction  or  m  an  indication  of 
tlicir  elimination  without  phagocytosis,  even  lo  the  extent  that 
ular  transformation  is.     We  have  already  shown  that  clump- 

g  of  bacteria  is  no  indication  of  their  alteration,  that  their  sur- 
face has  become  viscous,  nor  that  they  are  swollen  or  incapable  of 
reproiluction.  Moreover,  this  phenomenon  ia  never  complete  in 
the  animal  Ixxly  and,  when  the  transformation  of  vibrios  into 
rounded  bodies  folloivs  in  the  peritoneal  cavity^  many  granules 
Eire  seen  that  remain  separate.  Moreover,  the  clumping  power  (if 
a  ^vec  serum  Ijears  no  relation  to  the  resistance  of  the  animal  that 
furnittlietl  the  serum  to  the  bacterium  in  question.  Horee  serum 
clumps  letann^  bacilli  energetically^  but  the  hnise  is  very  suscep- 
tible to  tetanus;  much  more  so,  indeL-d,  than  is  the  rabbit,  and  yet 
the  serum  of  this  latter  animal  has  no  effect  on  the  tetanus  baciflus. 
The  rat  is  refractory  to  cholera,  but  its  serum  has  no  effect  on  the 
cholera  vibrio. 

An  organism  may  show  most  evident  clumping  and  yet  retain 
its  virulence  completely.  The  pneumoeoccus  when  grown  on  the 
serum  of  immuni>-ed   animals  forma   clots;  such  cultures^    how- 
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ever,  as  Issaeff  (Annale*  Paateur,  1S93)  has  showu  are  still  very 
virulent. 

Aa  B.  general  thing  cultures  of  pathogenic  orgaDisms  grown  in  the 
serum  of  iiuinunizrtl  animals  reniain  virulent  whether  the  organisms 
are  thjnifuHlor  nol,(tlio  [ini-uniofoccus  on  tlioonehauil  aiii[  llieljacil- 
lus  of  hog-cholera  describe*!  by  Mf  tuhniknfT  in  JS92  on  the  other). 

Honic  .=[^rjrn  anc!  even  horse  ei-lema  fluid  has  a  remarkable  clump- 
log  effect  on  the  cholera  vibrio.  The  slrug^Me  again^st  the  vibrios, 
however,  in  the  txxiyof  this  animal  takesplaue  just  asit  does  in  other 
aniuials,  namely,  by  means  of  phagocytosis.  IF  wt- inject  an  agar  cul- 
ture of  a  virulent  cholera  vibrio  subcutaneously  in  a  horse* an  influx 
of  leucocytes  occurs-  A  purulent  fluid  may  be  removed  the  next 
(Jay  from  the  area  of  inoculation  and  is  found  to  contain  leucot-ytes, 
in  the  protoplasm  of  which  are  found  the  organisms  in  various 
etagea  of  degeneralioD;  there  are  no  free  bacteria  present.  The 
inoculation  of  this  pus  on  agar  even  30  hours  after  injection  gives 
an  abundant  euJture.  In  othor  words,  the  bacteria  have  been 
taken  up  alive  and  eventually  die  within  the  pliagocytes,  as  is 
ehown  by  the  fact  that  the  animal  rapidly  recovers. 

Docs  this  mean  that  the  extracellular  changes  in  bacteria,  the 
most  im]jortant  of  which  Is  granular  transform  at  ion  ^  is  witliout 
importance  in  immunity?  In  no  manner;  by  this  means  the  num- 
ber of  invatlcrs  may  be  dccreasei!,  their  development  hindered  and 
time  given  the  animal  to  combat  them  ailvantageoualy  by  means 
of  the  leucocytes,  tliat  have  eventually  come  up.  instead  of  being 
faced  by  an  invincible  number  of  adversaries  and  their  elaborated 
toxic  subetances. 

In  order  to  explain  the  mechanism  of  passive  immunity  we  must 
account  for  one  very  impurtanl  jjroperty  acquir&i  by  animals 
treated  with  preventive  serum.  To  what  is  the  bactericidal  power 
that  is  given  these  animals  due?  We  have  nothing  essentially  new 
to  add  to  observations  already  made  on  this  subject.  The  mixture 
in  vitro  of  fresh  normal  serum  and  a  small  amount  of  preventive 
serum,  neither  of  which  sera  is  in  itself  bactericidal,  produces  a 
fluid  that  is  ^^rongly  bact<?ricidal.  We  iiave  repeatetlly  emphasized 
Uiis  experiment  because  It  appears  to  Uis  to  be  the  explanation  of 
tlie  appearance  of  a  bactericidal  property  in  the  blood  of  passively 
"  The  culture  waa  kindly  fumlahed  us  by  Dr,  S&limbcai. 
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immunizefl  animals.  The  stuily  of  an  infection  in  such  passively 
immuniacil  aiiinialrt  i^hows  that,  their  resistance  ia  clue  Lu  a  mechan- 
ism similar  to  that  which  we  describe-.]  in  June,  18^5  fw  cccurring  in 
vitro.  Bactericidal  power  arises  in  the  animal  botly,  just  a^  it  do<^ 
in  a  test  tube,  by  the  union  of  two  substances:  a  specific  prevonlive 
eubsLance,  and  the  Dormal  bactericidal  substance  present  in  the' 
bloculj  not  only  of  immuni7,e<l,  but  also  of  iinmial  B-ninials,  Sepa- 
rately, each  one  of  these  substances  has  only  the  slightest  effect; 
together,  they  change  the  micnj-orgnnism  mast  evidently. 

The  nnrmal  aninml  ha^  the  normal  bactericidal  substance.  By 
trealiiig  Ihiji  animal  wiih  immune  serum  we  give  to  it  tlie  preventive 
sub&tance  which  h  laeking.  Hoft"  do  iht-sc  two  suljstancos  unit*.'? 
If  the  buctericidHl  suljstance  under  normal  conditions  is  uniformly 
JUj^ulvtHl  in  the  body  fluids^  the  union  wi>uld  take  place  m  these 
fluids.  But  we  know  that  this  bactericidal  substance  is  concen- 
trated in  tlie  leucocytes.  The  antiseptic  mixture;  then,  must  be 
formed  [irimarily  by  a  union  within  the  leucocytes  and  can  take 
place  outride  the  cells  only  when  a  certain  amount  of  the  alexin  has 
been  liberateil  by  the  cells  into  the  surrounding  [iuid- 

Passive  immunity  is  due  then,  at  least  pardaJly^  to  the  chemical 
effect  of  two  preexisting  substances  on  the  vibrios.  One  of  these 
Bubetances  is  present  in  the  animal  before  injection  and  the  other 
comes  from  the  serum  injected.  The  phenomenon  is  chemical 
in  the  sense  that  it  can  occur  without  the  aid  of  any  vital  reaction 
or  any  new  cellular  secretion,  as  we  know  from  the  fact  that  it 
occurs  in  fluids  that  contain  no  cells.  AVith  the  ^d  of  this  new 
mean;;  of  defense,  which  has  been  acquired  without  reaction,  the 
leucocytes  are  more  than  ever  able  tc  utilize  their  protecting  power.* 
Passive  immunity  then  may  be  cxplainci.!,  at  least  in  part,  as  a  paa- 
Bive  increase  of  the  phagocytic  bactericidal  powcn  tJrubcr  tacitly 
agrees  to  this  explanation,  at  Ica^^t  ^o  far  as  Ihc  production  of  a 
bactericidal  property  by  means  of  the  union  of  two  substances  ia 
concerned.  Jt  is, moreover,  cvitlent  that  he  does  accept  this  explana- 
tion, since  he  has  drawn  similar  conclusions  in  his  recent  articles. 

*  Wc  do  not  wiab  to  imply  that  the  Icueoi^ytc  dots  Dot  react  at  all  to  this 
injected  Krum,  AltLauglj  a  n^jictiun  by  tLp  iFucnnyte  is  qoC  inJisprit^itile  for  the 
getiesis  ol  UictpncJdal  power.  Thore  ib  no  reason  to  auppoEo  thai  tixc  Jeucwyie 
taay  ant  react  by  aa  occclc^lioD  <tl  i\,a  phagocytic  octivitica. 
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To  be  sure  Gruber  does  not  believe  that  union  takes  place  within 
the  protoplasm  of  the  phagocyte,  simply  because  he  does  not  believe 
that  the  phagocyte  is  the  source  of  the  nonnal  baetericidfll  sub- 
stance. He  does  not  bring  any  new  facta  to  bear  on  this  discussion, 
but  simply  accepts  Pfeiffer's  opinion  which  we  bave  already  con- 
sidered. 

The  task  of  explaining  the  intimate  changes  which  take  place 
in  bacteria  as  a  result  of  tlie  activity  of  the  scrum  (immobiliBation, 
clumping,  granular  transformation)  is  far  from  finished.  Gruber, 
to  be  sure,  has  offered  an  explanation  of  clumping,  but,  as  we  have 
already  seen,  it  is  far  from  satisfactory. 

Pfeiffer  has  a  different  point  of  view  oo  the  action  of  seran  He 
thinks  that  the  immunizing  substances  in  immune  scrum  arc  present 
in  these  sera  in  an  inactive  form,  and  become  active  by  undergoing 
cert^n  fihangea  within  the  animal  body. 

In  the  first  place  it  is  certain  that  sera  contain  active  substances, 
since  they  can  produce  the  same  modifications  on  bacteria  in  vitro 
as  in  vivo.  These  modi  fie  ations^  moreover,  are  exactly  aHkc,  and 
equal  whether  in  vivo  or  in  vitro.  And»  further,  it  is  easy  to  show 
that  the  preventive  substance  injected  is  simply  diluted  in  the 
blood  of  the  animal  and  does  not  become  more  active. 

The  serum  of  a  guinea-pig  vaccinated  against  the  cholera  vibrio 
acquires  a  property  that  it  did  not  previously  have,  namely,  the 
property  <ti  clumping  the  cholera  vibrio.  We  know,  moreover,  that 
the  better  a  serum  clumps  the  more  actively  preventive  it  is.  The 
preventive  value,  then,  may  be  measured  by  tlie  clumping  property. 
If  we  place  in  separate  tubes  a  given  amount  of  an  emulsion  of 
vibrios  and  a<.ld  to  each  tube  a  varying  number  of  drops  of  pre- 
ventive serum  we  can  determine  exactly  what  this  clumping  power 
is-  Controls,  of  course,  are  made  with  emulsion  without  preventive 
Fcrum,  After  a  certain  time  the  deposition  of  bacteria  and  the 
clarification  of  the  supernatant  fluid  reaches  its  maximum  {about 
24  hours  when  the  closes  of  serum  are  small).  In  this  way  the 
smallest  amount  of  serum  which  will  cause  either  a  beginning  of 
clarification  or  complete  limpidity  may  be  determined. 

A  guinea-pig  weighing  3tiO  grams  was  bled  and  then  injected  with 
1  c.c,  of  active  preventive  serum;  the  next  day  the  animal  was 
ag^n  bled.     The  eerum  obtained   before  injection  had  only  a 
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faint  clumping  power  for  the  cholera  vibrio^  even  in  a  large  dose. 
Theseruni  taken  iheday  after injet^tiouT  however,  dumped  ihera  dis- 
tinctly, and  it  was  possible  to  compare  its  power  with  that  of  the 
preventive  somm  used  for  injection-  By  means  of  a  series  of  tuljes 
it  was  found  that  the  aerum  obtained  after  injection  of  cholera 
serum  is  only  ono  tliirtieth  as  active  as  the  origina!  cholera  serum. 
For  example,  in  a  tube  containing  1  c»c.  of  bacterial  emulsion  and 
eight  drops  of  this  eerum  llie  opacity  is  the  same  as  that  in  a  tube 
conlainiaj;  4  c>c,  of  bacterial  emulsion  and  oug  drop  of  anticholera 
serum.*  Tn  this  experiment  the  same  results  were  obtfunefl  as  if 
the  1  cc.  of  cholera  scrum  ha<l  lx.^en  dilute^l  in  30  c.c,  of  liquiJ. 
This  volume  corresponds  fairiy  well  to  the  amount  of  bIoo<i  in  a 
guinea-pig  of  this  weight,  300  grams. 

This  experiment,  moreover,  ahosvs  why  passive  immunity  cannot 
be  transmitted  indefinitely  and  indicates  that  the  active  principles 
of  the  scrum  arc  simply  diluted  in  the  body  without  acquiring  new 
and  more  energetic  properties.  A  word  might  be  added  about 
active  immunity.  The  preventive  substances,  wKieh  are  so  valuable 
for  animab  injected  with  them,  are  alao  evidently  equally  valuable 
for  those  that  have  elaborated  them-  It  must  be  ar.lmittctl  that 
active  immunity  is  evidenced  by  a  perfection  of  the  bactericidal 
power  of  phagocytes-t  But  active  immunity  has  miso  other 
characteristics,  such  B^^  an  augmentation  nf  the  number  of  pliagocytea 
and  aninerpApeofchemiotacticsensitivityon  the  part  of  leucocytes, 
aa  has  frt-quenlly  been  recognizetl  by  Metchnikoff  ami  cteariy 
evklenuetl  by  Ma^sart  in  Ills  expcrimenta.  We  cannot,  therefore, 
consider  the  two  kinds  of  immunity  aa  equally  dependent  on  the 
presenile  rif  a  preventive  sul^stance. 

*  Tt>  be  BUTD  the  clnrification  took  p!acc  more  rapldlj-^  altbough  no  more  com- 
pletely, in  the  tube  cf<niUlnmg  eerum  from  the  passively  imraunupd  animal- 
Tbis  id  due  to  the  fnct  that  the  fleram  in  thiK  tube  was  in  large  amount  and  Ehere- 
forc  acted  notouls'aa  a  Jiluled  preventive  flubatonce,  but  also  oa  a  normal  acrum, 
antl  at  inVieW  known,  nortriul  »crum  iittreEUwe  thu  dumping  octJon  of  prevf-utive 
eerum.  The  cveDtuiiL  aJnoynt  of  clari^eatioD  m  the  two  tubea,  howerer,  vaa 
equal- 

t  See  sriwLe,  page  S. 


V,  A   CONTRIBUTION   TO  THE  STUDY  OF 
ANTISTREPTOCOtt'US  SERUM,* 

Br  DR.  JULEa  BOItDET,  PREPARATEUR  AT  THE  PASTEUR 

INSllTUT. 

I. 

STREPTO(.X>CCL"S  iNfc^CTlON, 

A.   SxREPTococcue  Infection  iw  the  Gudtea-pio. 

Before  beginning  the  study  of  anli&trcplococcus  Ecrum  and  its 
properties  a  consideration  of  the  principal  L-hara^t eristics  of  strep- 
tococcus infection  and  the  methods  of  reproduction  of  the  etrep- 
tococcus  in  the  animal  bmly  is  indispensable.  We  must  therefore 
consider  the  characters  of  the  micro-organism  that  we  have  used  in 
our  experiments  and  describe  briefly  the  general  aspects  of  the 
infection  which  it  causes. 

The  streptococcus  we  have  u&ed  in  the  majority  of  instances  \s 
one  wliose  virulence  was  increased  by  Dr,  Marmorek  by  methods 
dcscribc<l  in  the  Paatcur  Annals  of  July,  IStJo-  Marmorek  has 
been  so  kind  as  to  place  liis  orgaiiL^m  and  his  scrum  at  our  disposal 
for  these  researches  and  we  wish  herewith  to  express  our  thankd  for 
his  kindness. 

The  readers  of  the  Paflteur  Annab  are  already  aware  that  the 
streptococcus  in  question  is  extremely  virulent;  it  kills  rabbits 
in  a  liose  of  a  fraetion  of  a  millionth  of  a  cubic  cenliuieter.  Its 
nnuLniaL  lethal  dc&e  may  be  as  low  as  a  thousand  millionth  of  a 
cuhdc  centimeter. 

We  have  regularly  used,  as  a  culture  me<limn  suit&ble  to  maintain 
the  virulence  of  this  organism,  a  mixture  of  peptonizetl  bouillon 
and  human  ascilie  flui<l,  jus  alrewly  ilescribed  by  Marnmrek,  On 
this  medium  the  organism  gmws  rapidly  and  keeps  its  pathogenic 
qualities  through  many  Bucee&sive  trans  plantations. 

*  Cuotributlon  h  ]'6tudc  du  sfrum  unti-fltrcptococciquc.  Armalca  de  I'lnstitut 
pMteur,  IS97,  XI,  177 
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The  infection  caused  by  this  strtpLocoRcus,  althmigh  not  varying 
in  general  afjpearancc,  differs  somewhat  in  details  acfioixiing  to  the 
animal  s^iecies  employed. 

Much  larger  doses  an?  necessary  to  kill  a  guinea-pig  tlian  are 
fatal  for  a  rabbit.  The  minimal  intraperitoneal  dose  for  a  me*lium- 
sh&l  guinea-pig  sufficient  to  cause  a  generaliaeil  infection  and 
death  of  the  animal  is  generally  0.2  of  a  cubic  eentimeten  The  results 
following  such  an  intraperitoneal  dose  in  a  normal  guinea-pig  an> 
as  follow?^:  By  puncturing  the  abdominal  wall  of  tUo  animal  and 
withdrawing  a  Uttle  exudate  at  intervals  with  a  small  pointed  tube 
it  is  easy  to  follow  the  couree  of  the  infection. 

A  fatal  dose.  —  Following  the  inoculation  of  the  culture  the  perito- 
neal fluid  is  more  or  les.s  limpid  and  contains  only  a  small  number  of 
cells.  This  is  the  pcrioil  of  phagolysia  which,  as  Mctchnikoff  has 
shown,  regularly  follows  the  introduction  of  cultures  into  the 
peritoneal  cavity,*  The  leucocytes  in  this  exudate,  consisting 
generally  of  the  monoDuclear  type,  with  admixtures  of  a  few  true 
eoeinophiles  and  infrequent  amphophilea*  do  not  long  remain 
3cattcr&l  cither  because  they  arc  destroyed,  as  Mctchnikoff  is  in- 
cUned  to  believe,  or  because  they  adhere  to  the  peritoneal  walLe,  as 
Durham  thinks, 

Tliia  period  of  phagolysis  is  usually  short,  particularly  when  the 
amount  of  fiuid  introducttl  b  inconsiderable,  and  is  followed  by  the 
appearance  of  mononuclear  and  polynuclear  phagocytes.  These 
latter  cells  appear  particularly  during  the  first  hours  of  the  phe- 
nomenon anti  i[icrease  rapidly  in  number,  so  as  to  constitute  the 
majority  of  cells  present. 

The  first  polynuclears  arriving  on  the  scene  (say  an  hour  after 
injection)  take  up  a  few  streptococci;  tind  a  considerable  number 
of  the  organif^ma  inlrtnlured  are  soon  found  to  b?  phagocyted- 
The  mononuclears  also  fre*^juenLly  take  up  a  good  many  of  them. 
There  are,  hnwpvcr,  among  the  micr<  MKganisEns  injecti?<l,  certain 
ones  which  are  not  engiilfiih  Tlus(^  latter,  to  Ije  sure,  are  very  few  if 
the  minimal  lethal  dose  is  employe<I  and  they  remain  scattered  in 
the  fluid  in  the  midst  of  an  increasing  number  of  colls, 

*  TliLiJ  phenomcnDn  of  pliogolysis  ]s  veryslJ^iL  if  aa  snuill  ad  Amount  aAD.2ar 
Ji  cubic  <vnriinet«r  of  i^ulluro  ia  injette]:  Sttt  it  brumes  more  tnarked  if  the 
amount  of  fluid  injected  reaches  0.5  lo  1  c-c. 
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The  number  of  phagocyte  grailiially  bcccme^  mLTea^eJ;  the 
cclla  become  iiitinitely  more  numerous  than  is  necessary  to  take  up 
all  the  streptococci  present.  There  always  remain,  however,  cer- 
tain free  bacteria  and  these  bacteria  soon  multiply-  These  organ- 
isms are  ililfcrentiatcj  by  the  fact  that  they  are  surroumlcd  by  an 
areola  never  present  under  normal  conditions,  whicli  takes  a  pale 
pinkish -violet  color  with  Kiibne's  blue-  These  organisms  after  2 
or  3  hours  give  rise  to  new  individuals  also  surrojnde<l  by  an 
areola,  similarly  able  to  avoid  enguliing,  and  usually  occurring  in 
the  form  of  diplococci  or  in  short  chains.  The  number  of  these 
new  bacteria^  as  a  rule,  l>ecomcs  considerable  in  T)  or  7  hours. 
In  an  exudate  taken  at  this  time  we  find  both  a  large  number  of 
cells  and  a  large  number  of  bacteria.  The  majority  oF  the  phago- 
cytes, however,  are  emply  and  no  longer  capable  of  capturing  bac- 
teria- We  have  alremly  shown  m  a  previous  article*  tliat  such 
leucocytes  hot  nnly  are  not  paralyzetl,  but  are,  on  the  contran'^  even 
more  motile  than  usual  and  are  still  able  to  engulf  other  phagocyt- 
able  micro-orgnnianis,  such  as  the  B,  diphtheria  or  the  B.  proteus 
vulgaris.  If  a  culture  of  Proteus  or  Diphtheria  is  addal  to  such  an 
exudate,  the  leucocytes  immediately  take  up  the  new  baeteria, 
although  they  still  refusG  strepiococci;  in  other  words,  they  choose 
between  the  species  of  bauteria»  Streptococci,  then,  secrete  a  sub- 
stance which,  although  it  does  not  inhibit  the  influx  of  leucocytes 
into  the  peritoneal  cavity,  affects  adjacent  phag-wytes  unfavorably 
and  prevents  them  from  acco[upli{^hing  their  protective  en^lfing 
function.  \Vg  may  say  Oiat  Ihey  exercise  a  Ticgatiic  cfmmi'Aactic  in- 
fiuence  on  the  phagocytes.  The  number  of  these  cells  increases  until 
It  becomes  enormous  and,  as  a  rule,  the  guinea-pig  dies  in  from  15 
to  20  houra  with  a  purulent  peritonitis  accompanied  by  an  invasion 
of  the  heart's  blooi.1  by  the  bacteria.  The  leucocytes  retain  their 
faculty  of  cngulhng  other  micro-organisms  for  a  long  lime.  So  far 
as  the  extracellular  atreptococci  are  concerned  they  stain  veil, 
are  morphologically  normal,  are  surrounded  by  an  areola  and  shcio 
at  no  stage  the  digtiieat  evidence  of  dcgcneraiim. 

A  non-fatal  dose^ — If  a  smaller  amount  of  culture,  for  example^ 
0,1  of  a  cubic  centimeter,  is  injected  intraperitoneally  in  a  guinea- 
pig  instead  of  the  minimal  lethal  dose  rapid  and  com  plde  pJiagocytosis 

•  See  page  14. 
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occurs.  The  streptococci  being  in  too  small  nunibere  an?  engulfed 
before  they  have  time  to  mlapt  themselves  to  the  medium,  and 
acf|uire  their  intense  repelling  property  for  leucocytes.  Certain 
ones  among  thern,  to  be  sjre,  re*^ist  and  remain  free  relatively  longer 
than  llie  others.  But  as  their  nuuiber  is  inconsiderable  in  |iropor- 
tion  to  the  cells  present  they  finally  encounter  leucocytes  which  are 
so  vigoHDus  that  they  yield  to  them.  The  totality  of  the  strepto- 
cocci injected  are  eventually  contained  within  the  cells.  The 
guinea-pig  recovers  without  any  further  trouble. 

We  have  alrea^ily  mentioned  that  the  streptiwocci  thai  are  able 
to  protect  ihomsclves  against  the  attack  of  the  guinea-pig  leucocytes 
are  surrounded  by  an  areola  which  takes  a  peculiar  stain.  We 
may  further  note  that  in  those  experiments  in  which  a  sublethal 
close  of  etreptococct  is  employed  the  more  resistant  mcrtf-^^rgaTt- 
ismsj  that  iSj  those  last  to  be  engulfed,  are  ciso  usually  those  with  ike 
most  marked  areola. 

The  condition  Tiecessary  for  a  fatal  infection.— In  order  that 
streptococci  injoctctl  into  Ihc  peritoneum  of  the  guinea-pig  may 
produce  a  fatal  infection  the  following  condition  must  be  satis- 
fied ;  when  phagocytosis  by  the  rare  leucocytes  begins,  the  strepto- 
cocci shouM  be  in  sufficient  quantity  to  permit  the  more  \"irulcnt 
of  them  to  rem^n  outside  the  cells  long  enough  to  become  accus- 
tomed to  the  chemical  composition  of  the  exudate  so  that  they 
and  their  descendants  may  acquire  to  the  highest  degree  the  faculty 
of  remaining  free  amid  the  increasing  leucocytes.  It  would  follow, 
then,  that  if  we  inject  a  fatal  dose  of  streptococci,  not  into  a  normal 
intraperitoneal  cavity  where  the  ceUs  at  Eist  are  few  and  little 
adapted  to  jjliagoeytosls,  but  into  a  peritoneal  cavity  rich  in  vigor- 
ous pha^cytlc  cells  capable  of  bringing  about  a  rapid  engulfing, 
the  bacteria  will  not  have  the  necessary''  time  for  adaptation  and 
for  increasing  iheir  resistance.  This,  indeed,  is  what  happens.  Tf 
the.  number  of  active  phagocytes  in  the  peritoneal  cavity  of  a  guinea- 
pig  is  increoi'frf  by  a  previous  injection  of  honiUim,  a  dose  of  strepto- 
cocci equal  to  at  teasi  tu*ice  the  ordincTy  minimal  lethal  dose  may  be 
injected  unthout  fcdal  effect.^  We  shall  not  consider  such  an  experi- 
ment for  the  moment,  but  shall  take  it  up  again  when  we  come  to 

*  The  amouut  th&lcan  safely  be  injecteil  naturally  haa  ttaliralta.  Tf  u  much 
ij  1  5  ciT  2  G  fl.  is  given,  phngoc^tosifi  ia  iDcompLete,  even  in  a  prepared  guiQca^pig. 
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consider  the  relative  spa^itivity  fjf  lh(?  rabbit  anJ  the  guine'a-pig 
to  tlie  slrt^plouuctus- 

If  ^oiiK'tljing  near  the  mioimai  lethal  dose  of  a  virulent  culture 
has  been  injected  into  the  peritoneal  cavity  of  a  guinea-pig  a  prog- 
nosis n]ay  generally  be  ^ven  by  the  presence  or  absence  of  strcpio- 
coccl  with  an  areola  outdde  Che  cellfl.  If,  for  example,  four  hours 
after  infet'lion  the  exudate  contains  a  small  number  of  extracellular 
Rtreptococci  with  areola  and  a  great  many  leucocytes,  the  fate  of  the 
animal  is  doubtful.  If  tbe  mimber  of  such  bacteria  ia  very  small, 
BO  that  they  may  be  found  on  a  elide  only  ^-ith  difficulty,  they  fre- 
quently become  tbe  prey  of  exceptionally  active  pha^cytcrf.  But 
if  tlicir  number  is  at  all  considerable  wc  may  feel  sure  that  they  will 
soon  multiply  unrestrictedly, 

Tbe  issue  of  streptococcus  peritonitis  is  thus  soon  indicatcti  and 
the  ouicomG  of  the  conflict  between  cells  and  bacteria  is  clear  very  earhj. 

Mechanism  of  curc.  —  Wc  may  review  the  evolution  of  strepto- 
coccus peritonitis  in  tbe  guinea-pig  by  saying  that  the  cure  of  an 
animal  is  due  to  phagocytosis.  The  existence  in  the  bacteria  of  a 
negative  ehemiotacUc  influence  preventing  the  accomplishment  of 
phagocytosis,  excludes  a  cure.  Since  the  streptococci  that  in  the 
beginning  have  been  able  to  protect  themselves  from  phagocytes 
multiply  outside  the  cells  mthout  changes  of  morphology  or  color 
reaction  or  any  diminution  in  their  virulence,  there  is  nothiii^  OtiU 
leads  us  to  suppose  that  when  animals  withstand  an  infection  there  are 
any  factors  in  thetr  cure  other  than  p/iagocijlosts.  It  may  be  simply 
mentioned  here  that  virulent  strrptocoeci  taken  up  by  the  phago- 
cytes of  the  guinea-pig  are  abaorhed  wiitwul  losing  their  activiiy. 

The  injcf'lion  of  a  small  amnunt  of  guinea-pig  j>priloiH.'aI  exuilale 
containing  no  free  streplococei,  but  with  leucocytes  containing 
engulfed  streptococci,  into  a  rabbit  within  fear  hours  after  removal, 
kills  a^  a  rule  in  24  hours. 

We  have  already  said  that  a  guinea-pig  that  ha^  receive*!  a  dose 
of  streptococci  small  enough  In  allow  the  bacteria  to  be  entirely 
ongulfeil  by  phagocyte??  recovers  without  any  further  trouble-  As 
a  general  rule,  indeed,  when  complete  phagocytosis  takes  place  the 
animal  is  at  once  out  of  danger  and  soon  recovers.  Within  two  or 
three  days  the  exudate  ceases  to  contain  living  bacteria.  In  a  few 
rare  instances  an  animal  that  has  lived  several  days  without  showing 
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any  free  bacteria  in  its  peritoDcol  exutlate  and  that  has  apparently 
returned  to  nt>rnial  condiiion  becomes  sick  again  and  undergoes 
a  new  strep tocxicus  infection-  Under  these  conditions  the  strepto- 
cocci found  in  the  peritoneal  exudate  ore  of  a  pecuhar  form. 

They  often  occur  in  short  chains  with  beaJings  of  unequal  dlame- 
ter;  chains  are  also  fouud  here  and  there  of  extraordinary  IcDgth  and 
surrounded  by  a  distinct  and  well-nmrketl  areola  dilTering  consider- 
ably from  the  one  that  ordinarily  encloses  the  streptococcus.  The 
cbromogenic  substance  in  certain  of  these  cliains  is  a  line  of  nearly 
regular  granulations  as  is  usual  in  the  streptococci,  but  in  other  larger 
chmns,  tlie  chromogenlc  substance  appears  to  be  more  indefimto 
and  at  intervals  shows  indefinitely  walled  off  and  poorly  stained 
sac-like  dilatations.  We  repeat  that  these  cases  of  fatal  relapse  in 
i^parentty  eured  guinearpigs  occur  only  rarely  and  at  certain  definite 
stages  of  the  infection.  It  is  probable  that  the  culture  that  brin^ 
about  these  delayed  reinfections  is  possessed  of  pecuhar  qualities 
of  resistAnce  not  onlinarily  present- 
,  Larger  doses  (0.5  to  2  e,c,}  are  necessary  when  Injected  subcutan- 
eously  lo  cause  a  fatal  infection  in  a  guinea-pig. 

B-    SritEPrococctia  Infection  i>j  thb  IIabbit. 

As  we  have  just  seen,  a  dose  of  about  0.2  of  a  e.c.  is  the  minimal 
amount  of  bacteria  necessary  to  produce  a  fatal  peritonitis  in  the 
guinea-pig-  This  is  an  infinitely  larger  amount  than  is  necessary 
to  cause  death  in  the  peritoneal  cavity  of  a  normal  rabbit.  The 
streptococcus  finds  a  very  favorable  culture  medium  in  the  clear 
peritoneal  fluid  of  this  animal  which  contains  only  few  leucocytes. 
The  streptococci  injected  into  tlie  rabbit  are  usually  scattered  atid 
witbin  half  an  hour  become  surrounded  by  an  areola  not  ordinarily 
present.  It  is  evident  that  the  production  of  this  areola  is  due  to 
the  acti\'ity  of  the  bacterial  seeretionsj  as  its  color  changes  as  the 
infection  proceeds. 

Shortly  after  inoculation  the  areola  is  aeeo  as  a  distinctly  out- 
lined eouc  which  does  not  color  with  Kuhne'fl  blue  and  consequently 
appears  whitish  against  a  bluish  background.  In  one  and  a  half 
to  two  hours  it  begins  to  take  a  pale  violet  or  pick  color  that  sub- 
sequently becomes  darker 

The  original  injected  streptococci  may  take  on  this  areola,  but 
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it  is  usually  nicire  distinct  and  more  Jeeply  color©]  In  thc^e  cocci 
generatLiI  in  the  exudate. 

Leucocytes  soon  appear  in  the  peritoneum  following  injection 
of  the  streptococci.  After  an  liour  or  two  there  are  present  siitrie 
mononuelGara  and  many  pot ynu clears.  But  these  leucocytes 
take  up  only  a  relatively  small  number  of  the  b&cteria  hijectetl, 
which  develop  unrostriete^lly  and  soon  become  ver}-  numerous. 
Although  the  ioflus  of  the  leucocytes  is  cocsulerable  Lhey  never 
become  sufficient  to  give  a  purulent  appearance  to  the  exudate 
even  several  hours  after  inoculation.  As  soon  as  bacteria  become 
very  numerous  Ihe  leucocytes  do  not  sensibly  increase  in  number. 
At  this  stage  death  is  not  very  far  distant.  A  rabbit  that  has 
received  0.1  of  n,  cubic  centimeter  of  a  culture  into  the  peritonea! 
cavity  usually  dies  in  S  or  10  hours,  rarely  as  late  as  12  hours.  The 
greatest  number  of  leucocytes,  as  a  rule,  are  present  4  to  0  hours 
after  injection. 

A  short  time  before  death  the  cjcudato  changes  remarkably  in 
appearance.  Two  hours  before  death  it  is  only  slightly  cloudy. 
At  death  the  exudate  ia  reddish  in  color  and  composed  of  serum 
which  cont^na  a  rather  large  number  of  acatteretl  red  blood  cells. 
In  Lliis  fluid  leucocytes  are  still  present  and  they  arc  frequently 
intact  in  appearance,  but  often  degenerated  and  with  no  diatant 
protoplasmic  outlines.  The  leucocytes,  which  were  previously 
abundant,  are  usually  found  collected  in  masses  on  the  walls  of 
the  peritoneum,  particularly  about  the  mesentery.  The  exudate 
changes,  then,  in  com|x}sition  towanl  the  end  and  becomes  a  harm- 
ful medium  for  leucocytes  and  red  blood  cells. 

Two  bonra  before  death,  when  the  exudate  is  no  longer  turbid,  the 
leucocytes  present  in  the  fluiti  which  refuse  to  lake  up  the  strepto- 
coccus will  i>till  take  up  other  organisms  {for  example,  the  diphtheria 
bacillus).  Phagocytosis,  however,  under  these  conditions  is  never 
so  energetic  as  under  similar  conditions  in  the  guinea-pig.  In 
general,  it  may  be  eaifl  that  the  exuflate  in  streptococcus  i^eritonitis 
in  the  guinea-pig  is  always  richer  in  leucocytes  tlian  it  is  in  the 
rabbit. 

A  generalized  infection,  that  is,  an  Invasion  of  the  blood  by  the 
streptococci,  occurs  soon  after  intraperitoneal  inoculations  in  the 
rabbit.    As  soon  as  the  bacteria  in  (he  exudate  become  very 
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ncmerousT  that  is,  id  4  or  5  hours  or  even  less  after  the  inoculation 
of  0.1  of  a  cubic  centimeter,  the  blootl  U  invadeJ.  A  culture 
taken  at  this  time  from  the  heart's  blix^l  grows  as  luxurianily  as 
from  iho  peritoneum.  Three  hour^  before  death  tlio  bact<?ria  in  the 
heart's  blood  arc  still  rather  difficult  to  find  in  stained  preparations, 
but  an  hour  later  they  arc  very  numerous  there  and  their  numbera 
increase  rapidly  from  thia  time  on.  As  a  general  rule  a  normal 
rabbit  injected  with  streptococci,  whether  intraperitonealiy  or  ebe- 
wherct  gives  an  abundant  culture  from  the  heart's  blood  at  death. 
An  examination  of  the  blood  shows  evident  changes  in  the  red 
blood  cells.  They  are  found  to  have  almost  entirely  disappeared. 
When  a  rabbit  is  autopsied  immediately  after  dcalh,  the  heart 
contains  large  red  clots  and  serum  filled  with  diffused  hemoglobin. 
In  trying  to  express  retl  blood  cells  from  this  clot  into  the  serum 
only  debris  areobtained^  which,  when  examined  after  staining  with 
eosin,  have  no  distinct  cellular  outlines.  A  few  leucocytes,  more  or 
less  altered,  and  also  endothelial  cells  are  found. 

These  grave  alterations,  which  are  so  incompatible  with  life, 
ap|>ear  late  in  the  {ILsease  and  only  in  the  agonal  period.  Titey  are 
not  to  be  found  when,  for  one  reason  or  another,  the  animal  die^ 
with  few  atreptoeoeei  in  the  bloo<l. 

When  these  alterations  do  occur  a  reddish  exudate  similar  to 
that  present  in  the  peritoneum  at  the  time  of  death  is  also  found  In 
the  pericanlium  and  the  pleura.  Tliese  late  changes  in  the  periJoneal 
exudate  (the  appearance  of  scatteretl  red  blood  cells  and  diffused 
emoglobin)  are  correlative  with  changes  in  the  blood  and  appear 
only  when  such  changes  are  present. 

Animals  ^ven  subeutaneoas  injections  of  streptococci  die  with 
the  same  lesions  and  always  rapidly. 

If  streptococci  are  injected  into  the  ear  vein  of  the  rabbit,  they 
grow  in  the  blood  without  any  resistance.  For  example,  if  a  drop 
of  blood  is  taken  immediately  after  injecting  0,1  of  a  cubic  centi- 
meter and  inoculated  on  agar,  only  a  few  colonies  are  found; 
3  hours  after  injection  numerous  colonies  are  found  on  inoculating 
the  same  amount  of  blood.  After  7  hours  the  bloo*l  gives  confluent 
colonies  of  streptococci  on  agar.  It  is  evident  that  in  the  blood, 
as  in  the  peritoneal  exudate,  there  is  no  hindrance  to  the  growth  of 
the  inoculated  micro-organisms- 
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From  thtsG  observations,  then,  it  is  easy  to  reoJize  that  Mar- 
morek's  streptococcus  owes  its  extreme  virulence  for  the  rabbit, 
not  only  to  the  great  rapidity  of  Its  development  in  the  body  fluids^ 
but  particularly  to  its  power  to  prevent  its  own  eoguirinent  by 
leucocytes-  It  exercises  a  negative  chemiolactic  influence  on 
rabbit  leucocytes,  and  thie  repelling  action  is  characteristic  not 
only  of  Btr9plococei  adapl&i  to  the  body  fluids  by  origin  in  them, 
but  also  of  organisms  grown  on  culture  media. 

Indi?ed,  if  0,o  of  a  cubic  centimeter  of  a  culture  is  injected  into 
the  peritoneum  of  a  rabbit  that  has  received  6  c,e.  of  bouillon  the 
night  before  and  contains,  therefore,  numerous  leucocytes,  the  ma- 
jority of  these  bacteria  remain  free  and  soon  become  surrounded 
with  an  areola.  And  yet  under  aucb  conditions  the  number  of 
bacteria  injected  is  relatively  small  when  compared  with  the  large 
number  of  phagoeytcs.  We  know,  moreover,  that  the  phagocytes 
present  in  ao  exudate  causetl  by  injecting  bouillon,  arc  ver>'  ac- 
tive and  show  remarkable  phagocytic  power  for  various  bacteria. 

In  this  experiment^  however,  phagocytosis  is  not  entirely  absent; 
there  are  always  a  few  cocci  that  become  the  prey  of  cells.  If  the 
number  of  bacteria  inoculated  is  marketily  diminished,  if,  for  cx- 
ample»  0.1  of  a  cubic  centimeter  h  inject&l  into  the  prepared  peri- 
toneum of  such  a  rabbit,  the  number  of  engulfed  bacteria  mcreaaes; 
this  fact  indicates^  it  would  ^eem,  th&t  there  are  certain  cells  in 
this  exudate  that  arc  particularly  active  and  absorb  a  certain  num- 
ber of  bacteria.  But  however  small  may  be  the  dose  inoculated, 
there  always  remain  certain  free  bacteria  whose  multiplication 
rapidly  takes  place.  A  previous  inoculation  of  bouillon  into  the 
peritoneal  cavity  increases  the  number  of  active  leucocytes  in  the 
exudttle,  but  will  not  protect  the  rabbit  ag:unst  a  sirbsequeot 
iiifHiulation  of  streptococci  even  when  these  organisms  are  very 
few  in  number  in  proportion  to  the  phagocytes. 

This  chemiotactic  influence  is  present,  particularly^  in  young 
fitrcpLococci  and  is  present,  most  raarkeiUy,  in  oi^antsms  under- 
going active  multiplication.  It  is  easy  to  prove  that  the  strepto- 
cocci from  a  three-  or  four-day^old  culture  are  much  less  repelling. 
If  even  a  large  dose  of  such  a  culture  (several  cubic  centimeters)  is 
injected  into  the  prepared  peritoneum  of  a  guinea-pig,  active  phago- 
cytosis occurs,   and  usually  of  the  majority  of  the  organisms 
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present ;  the  same  culture^  when  24  hour*  old,  entirely  escapes  such 
phagocytosis.  Even  with  the  old  culture,  however,  new  organ- 
isms are  formed  in  the  exudate  after  a  certain  time  and  kill  the 
animal. 

The  fluid  in  which  cultures  have  been  grown  for  several  days 
apparentltj  does  not  contain  any  perceptible  amnunt  of  the  substantt 
that  prsverUs  pliaqocylosis.  Streptococci  injecteu  into  the  peritoneal 
cavity  of  a  guinea-pig  prepared  by  bouillon  are  rapidly  and  more 
orlesscomplctely  taken  up^depending  on  the  dose  employed-  This 
engulfing  occurs  to  just  aainarketl  a  degree  if  3  c.c.  of  a  filtrate  from 
a  24-hour  culture  Is  injected  with  ihc  bacrtcnan  The  negative 
chemiotactic  influence,  then,  is  a  property  which  belong  exclusively 
to  living  streptococci.  We  should  hke  to  insist  on  a  correlation 
between  a  negative  chemiotactic  influence  coming  from  the  bac- 
teria ami  the  presence  of  an  areola  about  them:  this  areola  may 
develop,  not  only  about  bacteria  in  the  peritoneal  cavity,  but  aL^ 
under  the  skin,  in  the  blooti  and  in  the  a^iueous  humor. 

The  resUiani  qardiiies  of  streptococci.  —  The  property  of  repel- 
ling leucocytes,  which  is  of  such  value  to  the  streptococcua,  is 
not  the  only  property  which  this  organism  utilizes  in  growing  in 
animal  tissues.  We  have  alrca^ly  seen  that  a  fatal  relap'se  may 
occur  in  guinea-pigs  even  several  days  afl^^r  an  apparent  cure. 
'  The  momentary  arresting  of  the  infection  and  the  apparent 
cure  are  due  to  the  intervention  of  complete  phagocytosis  and  the 
conser|uent  rli^ppearance  nf  free  bacieria.  These  cases,  wliich 
in  guinea-pigs  are  very  rare,  indirate  that  certain  .streptococci  may 
be  very  resistant  and  may  remain  alive  within  phagocytes,  regain 
their  activity,  and  after  several  days  give  rise  to  a  new  culture 
that  kills  the  aminal. 

ITiis  delayed  outgrowth  of  streptococci,  after  an  apparent  core 
of  the  animal  lasting  some  days,  happens  in  rabbits  (hat  have  been 
partially  immunized  by  the  injection  of  a  certain  amount  of  pre- 
ventive serum.  The  following  experiment  shows  that  the  atrepto- 
eoccT  in  such  a  rabbit  may  rL-main  latent  fur  a  long  time  in  the 
phagocytes  and  after  a  long  inlen'al  grow  again. 

A  rabbit  was  given  6  c.e.  of  pepton  bouillon  into  the  peritoneal 
CBVily  and  3  c,c.  of  antistreptoeoccus  serum  subcntaneously.  On 
the  following  day  C  e.e.  of  a  3-tlay-old  culture  of  streptococcus  was 
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inoculated  into  the  peritoneum,  which  containen!  many  leucocytes. 
As  we  haA'e  dreatly  shown,  these  old  uiiltures  are  much  more  easily 
phftgucyted  than  are  young  cultures.  The  exudate  examined  3 
or  4  Ijoiir^  after  Jtijoction  sluiwoil  no  free  bacteria;  uU  the  to«oi  had 
been  takeo  ufi  by  the  cells,  Anlirmls  siioilarly  inoculatetl,  but 
without  j>erum,  usually  die  in  24  hoans.  The  animal  lliat  has  re- 
ceivetl  the  serum  resist?  infection  anci,  on  the  following  day,  the 
exudate  contains  many  Jeucocytos,  some  of  them  contaiaing  raore 
or  less  altered  streptococci;  there  are  no  free  bacteria.  Nor  are 
there  any  bacteria  present  the  following  day.  and  it  would  seem  as 
if  they  had  been  entirely  taken  Lip.  The  animal,  however,  although 
remaining  well  for  several  days,  at  the  end  of  the  week  succumbs  to 
a  generalized  streptococcus  infection.  These  instances  of  a  late 
outgrowth  of  streptococci  arc  frequently  met  with  in  experiments; 
they  occur,  irrespective  of  tlio  point  of  inoculation,  in  animals  that 
have  received  either  too  small  a  dose  of  serum  or  too  large  a  doee 
of  bacteria.  In  such  caacs  death  may  not  occur  for  two  weeks  and, 
exceptionally,  not  even  until  the  third  week.  To  auni  up,  the  viru- 
lent streptococcus  has  two  qualities  that  render  it  dangcroua,  and 
particularly  00  for  the  rabbit :  it  repels  leucocytes,  and  it  can  remain 
living  for  a  long  time  in  an  animal  that  is  apparently  cured. 

A  Comparison  of  Stueptococccs  Lvfection  t^  the  GciriEA-' 

PIG  AND  IN  THE  RaBDIT, 

We  must  now  compare  the  appearance  of  the  streptococcus  in- 
fection in  the  guinea-pig  and  in  the  rabbit  in  order  to  understand 
why  the  firet  of  these  animals  resists  the  infection  ao  much  better 
than  the  latter^ 

\\\'.  have  already  shown  in  a  previous  article  that  the  normal 
serum  of  rabbits  or  of  guinea-pigs  is  a  favorable  culture  medium  for 
the  KtreptocGCcus  and  ha.s  no  bactericidal  powTi  against  it. 

We  have  just  shriwn,  moreover,  that  streptococci  grow  very  well 
and  rapidly  in  the  peritoneal  exudate  of  infected  guinea-pigs;  the 
only  condition  necessary  for  a  imifomi  development,  is  that  they 
remain  free  in  the  fluid  and  protect  themselves  from  the  pliagocytea 
by  their  negalive  chemiotactic  power.  The  guinea-pig,  then,  has 
no  more  antiseptic  properries  in  its  fluids  than  has  the  rabbit.  But 
there  is  a  very  striking  difference  between  the  phagocytes  of  these 
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twoanimftls  rjiitTtea-piij  kiLciHtftes  are  much  h.'i^f  SKnsttive  Ihanrahhit 
leucocyteii  Ui  ihe  repelling  ar.lion  iff  the  Mreptococcus.  As  niutli  as 
0-5  of  a  cubic  centimeter  of  a  young  culture  of  streptococcus  or 
even  more  is  rapidly  taken  up  in  the  peritoneal  cavity  of  a  guinea- 
pig  previously  injected.!  witli  boniUon.  The  ^-ame  amount  of  strepto- 
cocci injected  into  a  rabbit  sinularly  [irepaml  suffers  very  little 
engulfing  and  extracellular  development  occure  rapidly. 

This  JifTerence  in  reaction  of  the  leucocytes  explains  clearly  the 
difference  in  the  evolution  of  the  disease  in  the  two  animals. 

The  exuJalc  in  a  guinea-pig  given  a  fatal  dose  is  always  richer  in 
leucocytes;  the  purulent  peritonitis  which  usually  occurs  in  an 
infected  guinea-pig  is  not  found  in  an  infcctetl  rabbit  at  autopsy. 
When  a  guinea-pig  dice  aa  the  result  of  an  intraperitoneal  injection 
the  exudate  contains,  in  addition  to  a  larf^e  number  of  leucocytes, 
numc^rous  streptococci.  The  blood  of  such  on  animal,  however,  con- 
tains fewer  organisms  than  docs  that  of  a  rabbit  under  the  same  con- 
ditions. It  need  scarcely  be  insiatal  upon  that  the  more  active  the 
phagocytic  apparatus  against  a  given  bacterium^  the  more  difficult 
does  the  invasion  of  the  blood  by  this  organism  become.  The 
extreme  alterations  in  the  blood  (destruction  of  red  blood  cells) 
found  in  the  blood  of  rabbits  and  resulting  from  an  abundant  growth 
of  the  streptococcus  13  not  found  in  the  guinea-pig  at  autopsy. 

Cases  of  streptococcus  reinfection  occurring  after  a  periotl  of 
apparent  cure,  although  rare  in  guinea-piga»  are.  on  the  contrary, 
very  frequent  in  rabbits  thai  have  received  a  small  dose  of  pro- 
t*fctive  scrum.     What  is  the  cause  of  this  difference? 

Among  the  leucocytes  that  take  up  bacteria  there  are  alwaya  a 
certain  number  that  die  after  having  destroyed  the  parasites  that 
they  contain,  ami  so  it  is  easy  to  underwlaml  how  such  l>acteria^ 
which  niay  be  almcst  intact,  are  liberated.  Tliese  liheral&l  hficlerta 
are  much  more  Ukely  lo  be  taken  up  again  in  a  guinm-pig  than  in  a 
ra^fbit,  sinre  fhe  g\tinea-fn'ij  leucocifies  are  more  misvchj  pharjocytic  /ut 
the  sirepittcoccus.  It  may  be,  toD,  that  guinea-pig  leucocytes  have 
a  greater  destructive  power  for  the  strep toeoc cos  than  rabbit  leu- 
cocytes. This  leails  us  lo  a  eunsideration  of  the  alterations  in 
elreptococei  taken  up  by  cells  in  the  two  animals  we  are  studying. 
In  both  of  these  animals  the  leucocyte  cause  destructive  altera- 
tions in  at  least  some  of  the  phagocyted  bacteria. 
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When  streptococci  have  rcmaincJ  for  several  houis  in  the  pro- 
toplasm of  the  phagocyte  soiiic  of  thtm  take  acid  dyea  in  preference 
to  basic  dyes;  in  a  counter  etain  witli  eoain  and  methylene  blue 
such  bacteria  take  a  more  or  less  red  stain.  This  phenomenon 
occurs  both  in  the  rabbit  and  in  the  guinea-pig,  but  in  tlie  latter  is 
more  evident  on  account  of  the  greater  extent  of  the  phagocytosis. 

n. 

ANTlSTRErroCOCCUS   SERCM. 

Marmorek,  in  an  article  published  in  July,  1895,  in  the  Pasteur 
Annals,  has  described  his  methcul  oF  obtaining  this  serum  by  im- 
munizing animals  against  the  streptococcus. 

We  >ihall  not  reiterate  his  lllRthofl^.  It  may  lie  noted  simply  that 
tht  Aennn  we  have  asixl  was  fmm  aniniais  that  haci  lieen  under 
immuniaation  for  ab<>ut  a  year.  One  of  these,  the  serum  of  which 
waa  remarkaUy  active,  hati  received  twenty-three  injections  of 
a  very  virulent  24-haur  culture.  The  total  amount  of  culture 
injected  during  this  time  was  3800  c.c. 

The  preventive  activity  of  tbeae  sera  is  most  evident.  When 
injected  into  a  rabbit  before  inoculalion  of  bacteria,  they  permit  the 
aninifll  to  wittistand  many  timei>  the  minimal  fatal  dose  of  strepto- 
coccus. 

The  amount  of  bacteria  that  can  be  safely  Injectetl  in  animala 
immunized  by  soruin  varies  a  great  deal  aceonJing  to  the  region 
in  which  the  injection  is  given.  Animals  that  have  received 
serum  do  not  tolerate  intraporitoneal  injections  of  streptococci 
nearly  as  well  as  they  do  subculaaeous  injections.  Intravenous  or 
intraocular  injections  are  also  much  more  dangerous,  even  in 
animab  that  have  received  a  very  highly  aeti\'e  serum.  In  deter- 
mining the  preventive  value  of  a  given  serum  the  portal  of  entry 
chosen  for  inoculation  of  the  culture  should  therefore  be  indicated. 
For  this  reason  we  shall  frequently  mention  the  dosca  of  scrum  and 
culture  use<t  in  our  experiments, 

A  few  figures  from  our  notebook  may  be  given  at  once  as  show- 
ing the  rc3ult  of  injecting  a  culture  subcutaneously  in  passively 
immunized  animals. 

An  animal  that  has  received  10  cc,  of  serum  subcutaneously  can 
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be  ^ven  0.5  of  a  cubic  centimeter  of  culture  subcutaneously  the 
next  day  without  any  effect.  A  control  given  0,001  of  a  cubic 
centimeter  of  culture  dies-  The  rabbit  that  receives  serum  reniaius 
perfectly  well,  although  It  has  received  at  least  500  times  the  fatal 
dose  of  streptococci, 

A  smaller  doee  of  eemm  (5  cc)  protected  a  rabbit  agaiast  0,001 
of  a  cubic  centimeter  of  a  virulent  culture,  while  the  control  that 
had  received  one-tenth  of  this  amount  (that  is  U,OtXJi)  died.  We 
offer  these  figures,  not  as  a  ayslematic  tabulation  of  the  preventive 
power  of  horse  scrum  but  as  results  that  occurred  regularly  during 
our  cxpcrimcntfl  * 

A  auitable  dose  of  preventive  serum,  as  In  the  case  juat  men- 
tioned, protects  rabbits  against  the  inoculation  ol  strcptoDocci. 
If  too  5mall  doses  in  proportion  to  the  number  of  organisms  in- 
jected are  given,  the  animals  may  simpty  n^ist  longer  than  the 
controla  or  show  an  apparent  cure  lasting  long  after  any  original 
manifestation  of  the  disease,  but  eventually  succeeded  by  a  rapid 
reinfection  with  the  streptococcus. 

These  conditions  will  be  considered  later.  For  the  moment  we 
shall  consider  briefly  the  effect  of  the  sera  on  bacteria  in  vitro. 


1.  Action  of  the  Seruh  m  Vitro_ 

Marmorck's  preventive  serum  is  from  a  horse  immunizcil  against 
the  streptococcus.  The  scrum  has  no  baclerieidal  [K)wcr  for  the 
streptococcus.  Bacteria  inoculated  in  it  do  not,  to  be  sure,  grow 
very  rapidly  or  abundantly,  but  they  grow  quite  as  well  in  the 
immune  serum  as  they  do  in  normal  horse  serum. 

Preventive  ^crum  mixed  witJi  Fre.^h  normal  rabbit  serum  has  also 

no  inhibiting  power  on  the  growth  of  the  organbm.     Streptococci 

grow  equally  well  in  a  mixture  composed  of  1.5  c-c,  of  normal  rabbit 

serum  and  5  e.c.  of  preventive  serum,  or  in  a  mixture  In  hke  pro- 

•  PffiTLSchky,  in  two  reppntly  published  ariirlM  (Zeiijichrift  filT  Hygiene),  as  a 
mult  of  hifi  cxpcrimenta  concLuJcfl  Uiat.  Uarmorck'e  eeruio  docs  not  ia  Ibe  leoflt 
prolvct  Jtibbil.B  u^-iLLiitl.  t^trpptococcuH  iDfeclion.  Ti^ated  rabbjLa  flbuwnl  du 
&pprB(?Jable  difTerpnee  aver  Ihr-  poniroiR  Accnrflinjr  to  Thjq  auThnr.  Il  k  cvkletit 
tbat  Fclni9«hky  Uas  cxpcr'navatt-d  with  a  eerum  tbat  was  epoiJcd  m  bdedc  mAunor. 
The  cfficttcy  of  Murniurck'a  serum  mi^y  be  fihown  by  the  aaunt  elementary  eiperi- 
LineniatLon,  and  f^im^vqiipntly  Ibe  experiments  and  eoneluaiona  of  Fctnisohlcy 
nai  cr>ncem  ub  ne  they  do  not  deal  with  antiatreptococcuB  ecrum  as  Dbtained 
at  tbc  PAstcur  Inalitute, 


118 


ffrUDlES  IN    TMMIIXITy, 


portions  with  iiominl  linrse  serum  itistcatl  of  provpntive  serum, 
SlrepU^ctH'tn  grown  in  ilif^e  me-lia,  howewr,  show  ucTtain  peculiars 
ties  that  may  ha  noted. 

In  both  these  mixtures  of  normal  rabbit  sprum  and  either  normal 
or  immune  horse  serum  the  growth  be^ns  rapidly  if  the  cultures 
moculateti  are  young.  An  etjual  and  consliierable  growth  is  evident 
three  houi^  after  inoculation.  In  the  tube  containing  the  normal 
horse  serum  the  streptococci  are  in  numerous  short  chains;  in  the 
other,  containing  preventive  serum^  they  form  much  fewer  and 
longer  chains  and  these  chains  are  frequently  coiled.  There  is  a 
difference  then  in  the  arrangement  of  the  cocci,  although  the  total 
number  is  about  the  same  in  either  mcdiimi. 

After  5i  hours  these  same  characterislicg  are  still  present.  Later 
on  (LO  hourp  aftor  inoculation)  the  chaina  become  longer  in  the  tube 
containing  normal  scrum,  so  that  the  difference  in  length  of  chains 
between  the  two  tubes  is  less  manifcat,  There  ia  still  no  difference 
to  be  notai  in  the  richness  of  the  culture.  Wc  have  found  no 
retanling  property  on  growing  streptococci  in  antiatreptococcua 
horse  serum  any  more  than  did  Dcnys  and  Marchand  * 

If  in  such  an  experiment  a  less  virulent  streptococcus  is  \i5cd 
(one  that  kills  a  rabbit  in  a  dose  of  0h25  of  a  cubic  centimeter  in- 
travonoualy),  similar  results  are  obtaiuiil;  with  such  an  organism, 
however,  the  difference  in  the  length  of  the  cliains  is  much  less. 

Thi;  iujei^tion  nf  10  c.c,  of  preventive  serum  in  a  normal  rabbit 
dixa  not  emlow  this  animars  serum  with  any  bactericidal  power. 
The  serum  25  hours  after  injection  is  just  as  good  as  a  culture 
medium  for  streptococcus  as  before  the  injection  of  antistrepto- 
coetruw  serum.     In  both  of  tliein  it  gnavs  rapiilly  and  wplh 

Antistreptococcus  serum  has  a  slight  but  distinct  agglutinating 
property.  We  demonstrated  in  1S95  that  a  trace  of  a  preventive 
cholera  forum,  when  introtluce<l  in  a  fluid  containing  cholera 
vibrios  in  suspension,  produces  in  a  very  short  time  their  immobiliaa- 
tion,  and  clumps  them  into  *listinct  masses  that  stand  out  a^  while 
points  in  a  clarift&l  ftuiJ.  This  is  the  invariable  effect  of  this  pre- 
ventive serum.  The  following  year  Gruber  and  Durham  notal  a 
similar  fact,  not  only  with  vibrios,  but  also  with  B.  typbnsua  and 

*Dpn^SBTid  MiurchBTifi,  Tmmunii^  confer^  av  lapin  jar  I'lDjectioD  de  s^nim 
AUtt-strcptococoique  de  chevaL     Butlh  Aoad^tnio  rayole  cl«  EvtgLque,  1S96. 


I 


STUDY   OF  ANTISTBEPTOCOCCL'S  SERUM. 


119 


B-  coli,  all  of  which  are  found  to  clump  when  placed  in  [contact 
with  a  specific  serum. 

Although  the  agglutination  of  the  streptococcus  by  its  preventive 
serum  is  generaUy  distinct,  it  is  never  vcrj'  marked;  to  cause  it, 
large  quantities  of  serum  are  necessary,  at  Icftdt  one-third  the 
volume  of  the  culture  fluid.  Not  all  of  the  chains  of  the  strepto- 
cocci aJ^  affected;  some  of  thorn  remain  separate.  Culturce  of 
streptococci  grown  in  preventive  serum  or  in  a  fluid  contjuning  a 
certain  amount  of  it  (for  example,  equal  parta  of  bouillon  ami 
immune  serum)  show  only  a  slight  grouping  of  the  organisms  at 
beat.  In  short,  preventive  acnim  causes  no  profound  alteration  in 
the  streptococcus.  The  growth  of  the  organism  is  not  senaibly 
diminishfvl  and  Its  morphology  remains  the  aamCf  with  the  excep- 
tion of  certain  variations  in  the  length  of  the  chains.  And  even 
the  agglutinating  property  tliat  has  been  found  by  recent  studies 
to  be  present  in  numerous  immune  sera  is  only  slightly  (kveioped  m 
anlistrt-piococcus  scrum. 

We  must  coneider  whether  a  preventive  serum  with  so  slight  an 
effect  on  the  morphology  and  development  of  the  streptococcus 
does  not  have  some  weakening  inEuence  on  its  virulence.  Cul- 
tures of  streptococci  grown  in  a  mixture  of  equal  parts  of  preven- 
tive serum  and  pepton  bouillon  rt^taiii  a  very  great  virulence,  as 
may  be  detennined  by  comparing  them  with  cultures  made  on 
bouillon  plus  noniiHl  horse  serum.  After  24  hours'  growth  in  an 
incubator  the  turbid  culture  fluids  arc  filtered  ihroiigh  filter  paper. 
There  remain  enough  bacteria  on  the  filter  paper  aJid  they  may  be 
washed  and  freed  of  serum.  A  small  amount  cif  these  bacteria  h 
taken  with  sterile  foreyjjs  and  sus|ieiiile<l  in  a  few  cubic  oentlniotery 
of  salt  solution.  Two  emulsions  are  thus  obtainefl,  both  s^lightly 
and  as  near  as  possible  equally  turbid:  one  containing  baetoria 
cultivated  in  normal  serum  and  the  other  bacteria  cultivated  in 
preventive  senira.  Both  these  fluids  are  extremely  virulent^  al- 
though they  contain  few  bacteria;  0.0005  of  a  cubic  centimeter  of 
ather  one  kill?  a  rabbit  in  24:  hours.  In  other  words^  there  has 
been  no  detectable  attenlualion  by  growing  in  preventive  serum- 

And,  what  is  more,  the  whole  culture  containing  preventive  scrum 
and  bacteria  is  also  very  dangerous  for  rabbits,  killing  them  aa 
rapklly  as  controls,  that  is,  in  21  hours. 
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The  latter  result  may  seem  astonishing.  One  might  expect 
rabbits  that  have  received  the  whole  culture  to  rect^ive  some  benefit 
from  the  serum  in  the  fluid  and  to  be  enabled  to  rcsUl  the  invasion 
of  the  bacteria.  But  it  must  be  noted  that  this  culture  contains  a 
considerable  number  of  bacteria,  and  experiment  shows  us  that 
1  c.c,  of  pure  serum  faila  to  protect  animals  against  a  much  smaller 
dose  of  bacteria  than  is  present  in  a  cubic  centimeter  of  such  a 
culture.  It  is  cot  surprising,  then^  that  the  culture  is  virulent,  for 
it  contains  too  many  bacteria  in  proportion  to  the  scrum. 

This  experiment  that  we  have  just  mentioned*  simply  shows 
that  atreptoeouci  grown  in  preventive  soxum  a  how  no  deterioration 
that  decreases  thdr  virulence  in  subsequent  getterattons.  Do^ 
it  show,  however^  that  preventive  scrum  when  injected  into  an 
animal  before  infection  is  quite  incapable  of  any  enfeebling  effect 
on  the  subsequently  injected  stcptococci''  By  no  means,  for  we 
may  imagine  that  a  serum  incapable  of  modif3dQg  bacteria  in  vitro 
may,  when  in  the  tissues,  affect  them^  owing  to  the  additional  or 
combincil  effect  of  cert^n  adjuvant  factors  furnished  by  the  auimoJ 
body*  Have  we  not  seen,  for  example,  that  cholera  scrum  which, 
when  kept  for  some  time  or  heated^  is  incapable  of  causing  granular 
transformation  in  vitro  can  bring  about  this  modification  when  in- 
jected into  an  animal?  We  make  these  reservations  on  a  priori 
grounds  without  con&idering  for  the  moment  whether  or  net  they 
are  justified  by  experimental  fact*. 


The  fluids  hitherto  examined,  that  is,  normal  rabbit  scrum,  and 
preventive  serum  cither  pure  or  mixed  with  bouillon  or  rabbit 
serum,  have  no  bactericidal  effect  on  the  streptococcus.  There 
is  a  body  fluid,  however,  which  shows  au  evident  destructive  effect 
on  this  micro-organism.  It  is  the  clear  fluid  separated  by  centrif- 
ugalizing  an  c:iudatc  rich  in  leucocytes.  The  streptococcus  grows 
witli  great  difficulty  in  thia  fluid  and,  aa  Denya  and  Letdef  have 
alrcatiy  noted,  a  destruction  of  bacteria  ensues  even  when  a  hig^ 
amount  of  culture  is  inoculated,!    If  a  drop  of  a  youog  culture  ia 

*  This  oxperuncpt  u  aiTPilor  to  tfaose  ol  Met^^hnioff  (1SU2),  lasaciT,  ttnd 
BonarE^IIJ  (1803}  wilb  the  bacteria  ol  bog'Ch<i[em,  pneumuoia  aod  llie  vibrio 
Mclchniknvi, 

t  Dsays  et  Leclef,  Slit  I'lauauniL^  d\x  lapb  vucioiS  coutre  le  strcptocoquo,  I4 
CdliiJe,  1805, 
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inoculated  in  such  a.  fluid,  no  developmeut  t-akes  place  and  the  next 
day  the  fluid  is  found  to  be  Bterile. 

This  serous  fluid  loses  Its  bactericidal  power  when  heated  for  a 
few  moments  to  GO  degrees^  and  in  such  heated  fluid  the  strepto- 
coccus grows  in  long  chains  of  rather  fimail  organisms.  As  the 
fluid  part  of  rich  leucocytic  exudate  is  baciericidal  in  ^itro,  the 
question  arises  as  to  whether  it  is  as  much  so  in  the  animal  body. 
Experiment  gives  a  negative  reply  to  this  question.  When  strepto- 
cocci are  injeeted  into  the  rabbit  peritoneal  cavity  containing  many 
leucocytes  the  organisms  are  not  engulTed,  but  develop  well-  li 
a  little  of  this  exudate  is  removed  when  the  streptococci  are  not  yet 
very  numerous,  and  placed  in  the  incubator,  the  growth  stops;  at 
timed  the  fluid  becomes  quite  sterile  after  2  or  3  days  and  at 
other  times  the  organism  finally  grows  out  again  aft«r  a  delay  of 
24  hours  or  eo. 

Experiments  perfonned  in  \1tro  with  leucocytJc  exudates  can- 
not be  accepted  offhand  without  many  reservatiooa  as  necesaarily 
corresponding  to  the  conditions  of  sinuiar  experiments  in  the 
animal  hody. 


2.   The  Actjox  of  the  Serum  in  the  Animal  Body, 

iMTB-VPERrrONEAL  INJECTION. 

I^et  ua  now  consider  the  phenomenon  which  takes  place  in  rabbita 
that  liave  received  a  preventive  injection  of  seruni  and  are  sub' 
sec|uently  inoculated  with  the  steptococcuB.  We  shall  consider 
first  an  instance  in  which  the  serum  Is  injected  suhcutaneously 
24  houia  before  the  culture  i*  injectetl  intraperitooeally. 

The  study  of  the  struggle  betweep  the  cells  and  the  bacterial 
culture  in  the  peritoneal  cavity  is  extremely  inatractive  as,  by 
extracting  at  intervals  a  little  peritoneal  exudate  with  a  capillary 
tube,  the  eourse  of  the  infection  may  be  followed  step  by  step. 

The  exudate  is  homogeneous,  that  is  to  say,  throughout  the 
peritoneal  cavity  it  has  an  identical  constitution  in  so  far  as  the 
number,  quality,  antl  appearance  of  cells  and  bacteria  is  concerned. 
The  subcutaneous  exudate,  on  the  contrary,  frequently  differs  eveo 
in  adjacent  rcg;ions,  cither  in  the  amount  of  fluid  or  in  the  number 
and  condition  of  cells  and  bacteria. 

It  i£  possible  to  produce  artificial  variations  in  the  number  of 
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cells  present  in  the  peritoneal  exudate  before  injecting  bacteria* 
By  meaa^  cf  a  simple  injection  of  bouillon  a  great  many  active 
phagocytes  may  be  mmle  to  participate  at  the  very  be^nning  of 
the  infection.  ThL*  methcd  is  very  useful  in  studying  the  course 
of  an  infection  and  we  have  frocjuently  employed  it 

lu  order  to  understand  the  phenomena  of  a  peritoneal  infection 
in  passively  immunueil  Miiiruds  wt-  must  coa'^ider  a  faet  evidenced 
on  simulluneous  injeclion  of  streptococci  into  a  nnriiial  and  into 
an  imiimiiiBeil  rabbit,  A  vindent  streptococcus  inoculated  into 
the  circulation  of  a  normal  rabbit- in  a  dose  of  0.1  tf>  O.^fj  of  a  cubic 
ceiirimelerof  eultun?  develops  so  well  s-s  to  give  an  abundant  culture 
fnim  the  bUxi^l  in  seven  or  eight  hours.  The  sauit!  dnse  of  eulture 
injected  intravenously  into  a  rabbit  that  has  receiveti  senttn  sub- 
cutaiit-ously  is  markttily  inhibitL^.I  in  growtli,  A  drop  of  blood 
taken  from  any  part  of  the  body  ininietliately  after  injeedon  and 
inoculatoil  on  agar  gives  rise  to  a  few  colonies.  Streptococci  may 
still  be  fnunil  in  the  blooil  five  to  seven  houn>  later  or  even  on  the 
following  day,  but  their  numbt^r  is  not  increased.  Such  a  rabbitj 
however^  sucenmhs  in  two,  three^  or  four  days,  but  at  autopsy  many 
less  bacteria  are  found  in  the  blood  than  are  present  in  the  rabbit 
thai  has  rcceive<l  no  serum.  More  bacteria,  it  is  true,  are  found  in 
the  liver,  spleen,  bone  marrow » and  particularly  in  the  lung;  some 
of  them  free  and  others  within  leucocytes. 

In  this  connection  we  may  emphasize  the  fact  that,  a-s  a  general 
rule,  in  rabbits  tliat  have  received  an  injection  of  serum  and  an 
excessive  dose  of  bacteria  and  have  suiA'ivcd  the  controls  only  two 
or  tiiree  days,  tfierB  arc  tjcw^  so  many  fcotteria  present  in  the  heari*s 
blood  as  liicrc  arc  in  control  anunah.  The  contnust  is  very  marked 
from  whatever  region  the  cultures  are  mode. 

The  only  exceptions  to  this  rule  are  those  instances  where  rabbits 
that  have  apparently  been  cured,  after  a  certain  time  have  a  fatal 
relapse,  under  wliich  conditions  the  blood  may  contain  nearly  as 
many  bacteria  as  a  rabbit  infected  without  serum. 

The  peritoneal  infection  in  normal  rabbits  is  accompanie^l  by 
a  rapid  invasion  of  the  blood  by  the  micro-organism;  the  increase 
of  streptococci  in  the  blood  is  so  marked  that  it,  and  not  the 
pcritotiitis,  mu,st  be  regarded  as  the  immediate  cause  of  death, 
Therefore,  since  there  is  less  growth  of  liacteria  in  the  blood  of 
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the  vaccinated  animal,  a  peritoneal  infection  in  such  an  animal 
may  last  nnith  longer  than  in  a  control,  without  leading  to  a 
ECpticcmia.  This  is  the  point  of  importance  to  us  for  tlie  moment 
A.  Young  cultures, — What  liappens  to  \'inilent  streptococci 
in  a  young,  24-hour  culture  when  inject&l  into  the  peritoneum  of 
a  rabbit  eontalniiiR  many  leucocytes  owin^  lo  a  previous  injection 
of  10  c.c.  of  pcrum  subcutanctjuply  and  6  c.c-  of  bouillon  intrapcri- 
toncally?    There  arc  two  distinct  conditions  to  be  considered. 

First:  —  The  numtKT  of  bacteria  injectal  may  be  ver>'  few,  le^s 
than  0.5  of  a  cubic  centimeter  of  culture:  Jet  us  take,  for  example, 
0.1  of  a  tubic  centimeter.  Umlcr  thc?e  conditions  the  numljer  of 
bacteria  in  the  peritoneal  cavity  is  relatively  small  in  proportioa 
to  the  number  of  cclia,  so  that  they  are  frequently  difficult  to  find 
in  stained  preimrations.  Under  these  conditions  the  culture  ia 
rapidly  and,  as  far  qm  may  be  estimatetl,  compldcbj  cntjjilfed.  For 
example,  after  an  hour  or  two  no  fa^e  cocci  are  Found :  when  staineJ 
with  boracjc  carmin  followed  by  Gram  they  are  seen  to  have  be- 
come the  prey  of  ccILh.  Art  a  result,  no  ertracellular  deieloptnetU 
of  bacteria  tQki:s  place  under  tfic&e  CQnditioTis  arid  tfte  animal  (jds  jvdl. 
In  a  control  animal  that  has  received  ao  intraperitoneal  injet^tion 
of  Ijouillon  liut  no  protective  Hermii  a  very  distinct  pfiatjocijtosU  is 
generally  found  If  small  dtjses  of  bacteria  are  injected;  free  bacteria 
are  only  cjceplionally  found  in  such  preparations.  A  multiplica- 
tion, nevertheless,  takes  place,  and  within  three  or  fuur  hours 
numerous  cocci  with  an  intense  negative  chemiotactie  influence 
are  found.  Such  an  animal  usually  Jira  wilhin  twelve  hours 
with  the  ordinary  sympl.oms  occurring  in  normal  animals  as 
alresily  described- 
Second: —  The  results  are  quite  different  if  instead  of  a  very  small 
amountof  culture,  that  is  0.1  of  a  cubic  centimeterj  adoseof  O.dof  a 
cubic  centimeter  or  slightly  more  is  ^ven.     Under  these  conditions* 

'  We  lany  meiitloji  that  wiien  0.5  of  a  cubic  cen(.i  meter  of  ;i  cult  Lire  U  [njected 
into  a  peritoneum  prrpjiro<i  \iy  ImiiiUon  the  number  of  qfrepiocwci  nt  firet  id  the 
exudate  is  very  biudLI  in  proportion  to  tJie  aiimbcr  of  cclld-  Notn'ithatunding  this 
fact  reprixluclioD  txicursaud  ati  VicbIuA]  see  presently  tbc  aaimal  la  saved  valy  by 
a  delayed  pliagocyloaia. 

Dcnya  aad  Lectcf  ( La  CcIIuIg^  1895)  mode  a  mixture  of  norm&l  rabbit  leucocytca 
and  preveQtive  iwnini  in  vilro.  l\'lien  Mipy  hijecLrtI  Itiia  mixlLire  with  llie  airep- 
tocnccuji  they  frimil  th^re  vas  n  diiiiini^t.  inhiEiition  in  1hegri>wih  of  I fieir  culture 
OviDg  to  CJI  abundant  initiik]  phogocyCoBis.  oJthough  the  orgaaifim  grows  rapidly 
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the  cagnjJfi°^  that  taki\s  plac*>  in  the  first  few  houre  13  only  partial. 
As  in  the  prc\iou3  experiment  streptococci  are  found  within  appar- 
ently vigorous  cells,  but  since  the  niirobcr  of  atrcptocoL-oi  injected 
la  too  great,  many  of  them  remain  free  and  develop.  In  these 
doses  there  is  not  so  much  differenee  as  regards  phagocytes  betwceD 
&  rabbit  treated  by  scram  ai^d  a  nonnal  rabbit.  The  streptococci 
increafic  without  any  notable  retanling  effect  on  their  developmenL 
Eight  or  ten  hours  after  injection  the  organisms  in  the  vaccinated 
animals  are  surroundLxl  by  an  areola  and  are  growing  in  the  midst 
of  leucocytes  while  the  control  13  nearing  <icath.  The  animal  re- 
eovere,  however,  although  tlie  bacteria  are  alway.s  extremely  numer- 
ous and  phagocyU»sis  is  either  hisignificant  or  aljseni. 

The  ap|:»earance  of  the  exu'late  [jhanges,  however.  It  becomes 
thicker  and  thJrker  and  more  concentrated  until  it  Ls  almost  white 
and  iU  proimrlion  of  leucrxiyles  great.  This  condition  lasta  for  a 
longer  or  shorlt^r  peri^nL  Wiien  the  ihichened  exiuinle  catties  to  re- 
sernble  a  komni^eneouA  white  pim,  nay  20  houTs  after  injectiim,  phatjo- 
cytosis  suddenly  appears.  Within  a  few  hours  later,  3  or  4  at  the 
raostj  ell  the  streptococci  that  ivere  s}carmivg  outside  the  cells  are  cap- 
lured  by  the  phagocytes.  A  great  majority  of  the  cells  contain  cocci 
and  often  in  numbers.  Tfiis  complete  engulfing  is  followed  by 
either  a  final  or  a  temporary  cure;  if  the  nLimb<?r  of  bacteria  was  too 
great  a  relapse  may  occur  2  or  3  days  later  although  the  phago- 
cytosis secRiet.!  complete. 

This  <lelaycd  phagocytosis  may  bo  only  partial  if  the  culture  has 
developed  loo  extensively.  Under  such  comlitions  the  animal 
sinjply  lives  longer  than  the  controls.  Complete  phagocytosis  is  the 
essential  condition  for  a  cure. 

Conditions  necessary  for  the  occurrence  of  a  delayed  phagocyio^s: 

Delayed  phagocytosis  may  occur  in  animals  that  have  received 
eufficient  serum  whether  subcutancously  or  intraperitoneally.  It 
is  moat  conveniently  studic^l  in  a  rabbit  prcpaitxl  by  an  injection 
of  bouillon  anil  thereby  rendered  more  resistant  to  peritoneal  in- 
fection,    Under  theae  conditions  it  may  occur  even  ^th  an  amount 

in  Tk  im3:turc  of  serum  and  Dormal  rabbit  tcUGi>cyte$  without  ttie  preventive  aeruin. 
Wc  have  obtained  diffcreDt  rtaulta  under  ^iicU  condilions,  We  found  at  tho 
beginning  a  r^rioin  dp^w  of  phftgocyTosis  whether  the  preventive  serum  waj 
&dded  or  not.    Subuquant  devdopnoent  took  ptooa  io  botb  miiturea. 
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of  bacteria  relativoty  large  in  proportion  lo  tht?  amoimt  of  serum 
employed  (for  example,  a  rabbit  may  be  given  0  c,c.  of  bouilioa 
intraperitoneally  and  the  next  day  1  c.c,  of  culture  plus  5  c.c.  of 
serum ;  a  delayed  and  complete  phagocytosis  occurs  about  25  houra 
later). 

Delayed  phagocytosis  may  also  occur  in  animals  thftt  have  simply 
received  serum  aubcutauEously  without  any  preparation  of  the 
peritoneum.  But  under  these  conditiona  the  doso  of  bacteria  in- 
jected must  be  considerably  less.  In  rabbits  protected  by  serum 
without  prexious  intraperitoneal  preparation  by  bouillon,  an  intra- 
peritoneal injection  is  nmch  more  dangerous  than  a  subcutaneous 
one  and  more  hamifxd  still  if  the  culture  used  is  young  and  rapidly 
growing.  Even  in  a  vaccinated  animal  the  inoculated  strepto- 
cocci find  a  vcrj' suitable  culture  mcilJum  in  the  limpid  exudate;* 
when  leucocytes  finally  come  up  in  considerable  numbers  they 
meet  with  a  large  number  of  bacteria. 

In  rabbits  immunized  by  serum,  in  whose  peritoneal  cavity  a 
delayed  phagocytosis  occurs,  the  number  of  phagocytes  gradually 
bccomea  considerable.  In  the  first  houra,  however,  thia  influx  of 
leucocytes  is  no  more  marked  than  in  normal  rabbiti^n 

Intraperitoneal  injection  of  filteretl  culture  fluid  causes  an  abun- 
dant influx  of  leucocytes  liolh  in  normal  and  in  treated  rabbits. 
When  week-old  culturea  are  used  or  dead  or  attenuated  cocci, 
similar  results  occur  in  a  normal  rabbit. 

B.  Old  culturcs.^Fart  of  the  danger  from  injection  of  young 
cultures  Uea  in  the  extreme  rapidity  of  their  increase  before  the 
phagocytes  arrive-  IF  streptococci  that  do  not  show  active  repro- 
duction for  several  hours  are  useil,  a  delayed  phagocytosis  occurs 
much  more  readily  even  if  the  serum  is  injectetl  after  the  bacteria. 
A  brief  r^sum^  of  such  an  experiment  follows:  Two  normal  rab- 
bits received  each  an  infniperitom*aI  injection  of  8  c.c,  of  a  four- 
day-old  culture  on  aj?cites  btmiUon.  Six  hours  later  the  phagocytes 
had  become  very  numerous  and  the  bacteria  injected  were  engulfefl 
(old  streptococci,  as  we  have  already  seen,  are  easily  phagocytetl). 

*  We  hove  Dever  found  a  diaappe&rQiice  oi  bacterm,  as  noU'l  by  Deny^«  and 
I^clef  following  inoculfltion  c\(  strepuwoccua  intfl  llie  pleura  of  T&ccinnt^l 
rD-bbita,  iftcr  injcctiog  a  btubM  dose  of  olroptocorcua  intraperitooeally  in  ft  treatwl 
fftbbit. 
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No  growth  had  as  yet  occurral  and  no  free  bacteria  were  seen. 
At  ihis  stage  one  of  the  rabbits  was  given  3  c,c,  of  preventive  serum 
intmpcritnneally  Jind  5  c-c.  subf^utaneously- 

The  oilier  rabbit  that  rceeivnl  no  serum  (Ue^l  of  a  generallset! 
infection  in  )H  hours,  the  delay  In-ing  due  to  the  8bw  growth  of  the 
eulture.  Twenty-four  hours  after  beginning  the  experiment  the 
perikmeal  cavity  cif  thp  r^hhit  that  had  received  seruni  ecntained 
nutnerijos  extnitellular  bacteria  scattered  in  the  midst  of  abun- 
dant leucocyte.  Growth,  then,  had  taken  place.  But  a  few  hours 
latL>r  the  phagocytic  crisis  occurred  and  all  the  free  baeteria  were 
engulfed. 

In  this  ex[>eriment  an  extracellular  growth  oceurretl  and  waa 
followed  by  a  delayer!  phagocytosis.  And  yet  the  serum  hat!  been 
given  some  time  after  (he  injoption  of  the  culture.  When  the  serum 
is  injected  the  day  before^  and  old  cultures  aru  useil  it  1^  generally 
found  that  a  generalized  pho^oeytosis  occurs  and  is  not  folhu^d  by 
the  apj}enrancc  of  eitrticeliular  bacteria. 

Engulfing  may  also  take  place  in  a  nomial  rabbit  and  often  no 
inva^sion  of  the  bacteria  is  noted  for  a  number  of  hours ;  tlie  strepto- 
cocci have  remained  in  a  latent  condition.  But  the  growth  soon 
etartg  up  agaiti  and  i^ew  cocci  are  developed  and  invade  the  exudate. 
Do  these  new  organisms  come  from  the  few  slrcptocoeci  that  have 
remained  free  in  epite  of  the  generalized  phagocytosis?  Or  arc 
they  dcrivcfl  from  bacteria  that  ^vcre  taken  up,  hut  have  resisted 
the  phagocytes?  EilSicr  explanation  h  posi^iblc.  V*  e  have  alrca^ly 
seen  that  the  streptococci  may  remain  ahve  for  a  long  time  in  the 
animal  body  even  after  they  have  been  taken  up  by  cells. 

Rabbits  treated  with  preventive  serum  may  resist  an  infection 
with  very  large  amounts  of  an  old  culture.*  In  a  general  way 
these  are  the  phenomena  in  rabbits  vaccinated  with  serum  and 
sulispquently  inoculated  intraperitonealiy  with  the  streptococcus. 
We  must  now  cont'ider  delayed  phagocytosis  in  some  detail. 

■  Tbc  tictivity  of  f>cvcral-day-o]<i  oulturca  aaturdly  dcpcada  much  on  ttio  Dature 
of  the  cullkire  meJium-  When  Ibi^  mL-Oluin  Is  beilor  Ihan  u^oal  the  atreptucocd 
remein  "ynunger"  forn  linger  time,  if  this  exprcMian  may  l>e  p«nnitled ;  in  othef 
Vords,  they  retain  better  their  propcHy  of  grcwmg  rapidly  on  a  new  soil. 
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3.    Delayed  PHAOocvTosia  ort  PHAOOcmc  Crisjs. 

The  pbagocytic  crisis  may  be  readily  studied  in  tbe  peritoneum 
of  rabbits  troatM  with  serum.  It  occure  suddenly  on  top  of  an 
exiracellular  and  usually  abundant  development  of  bacteria;  it 
occurs  only  in  an  exudate  that  hos  become  thick  and  purjlont 
Id  appearance;  other  things  being  equal,  it  takes  place  more  rapidly 
antl  certainly  in  rabbita  prepare<l  by  bouillon  than  m  those  with  a 
normal  peritoneum  at  the  time  of  injection.  Tho  preparation  of 
the  peritoneum  allows  tliis  crifiia  to  occur  more  readily  omng  to  the 
extreme  abundance  of  loueocytce  in  the  exudate. 

The  phagocytic  crisia  may  be  complete  or  incomplete  and  ita 
time  of  occurrence  varies  accoriing  to  the  gravity  of  the  case.  If 
the  crisis  ia  incomplete  or  too  much  delayed  the  animal  simply 
Burvjvcs  longer  than  the  t^onlrola.  It  frequently  occurs  after 
20  hours  and  even  later  when  incomplete. 

If  the  number  of  bacteria  developed  is  too  great  or  the  dose  of 
serum  too  i^mall  the  animal  may  die  before  phagocytosis  is  com- 
plete ;  under  such  conditions  the  Free  bacteria  at  the  time  of  death 
ere  reistrictcd  in  number. 

Death  may  also  occur  following  a  partial  phagoc>'tosi3  succeeded 
by  a  new  growth  of  new  streptococci  that,  owing  to  theiradaptation, 
are  again  abb  to  inva*!e  the  exudate. 

Such  an  instance  of  delayi?tl  anr!  partial  phagi)r,ytosis  we  may  now 
■consider  in  detail;  a  ral^bit  roceivetl  0  c.c.  of  bouillon  intraperiton- 
eally  and  was  given  an  injection  the  next  day,  aL^o  intra|"eritaneally, 
of  1  C-C,  of  a  fitreptococcas  culture  to  which  wa.s  aiMe^l  5  c,e,  of 
preventive  serum*  In  acconlance  with  the  fi-ppoarance  of  the 
bacteria  and  cells  the  process  of  infection  may  be  divided  into  four 
stages. 

Fir^  sUtfjt  or  stage  of  free  development.  —  Following  the  injection 
a  very  restricteii  number  of  bacteria  are  engulfo<l  by  the  relatively 
numerous  cells.  The  growth  of  the  organisms  takes  place  actively. 
A  preparation  made  104  hours  after  injection  shows  a  complete 
cbsenee  of  phagocytosis;  the  leucocytes  are  very  numerous  however. 

*  Tlie  control  received  0.1  of  a  cubic  centimcl*r  oJ  culture  and  5  c.c.  of  comml 
bone  BeTLim  and  died  rlevea  hours  laier  with  Ibu  luual  QndiiigB  h1  autopa/. 
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The  harteria  are  extremely  numerous,  normal  as  regcrds  size  and 
color  reaction,  antl  are  present  in  short  chains  or  as  diplococci. 

Second  stoi^e  or  tlie  alage  of  incompt^e  phugocyiiysis.^  Tweiity-two 
hours  after  injection  the  number  of  bacteria  is  not  very  much 
greater  tlian  at  ten  hours  and  phagoeyUmis  is  still  iocomplete 
although  leucocytes  are  numerous  and  tlie  exudate  lesa  fluid.  The 
appearance  of  the  bacLeria  in  the  fluid,  however,  remains  the  same. 
They  arc,  as  a  general  tiling,  <Jisiinotly  smaller  and  stain  more  fwntly 
with  methylene  blue.  A  large  number  of  very  small  diplococci 
are  also  found.  There  are  to  be  noted  also  short  chains  composed 
of  very  small  cocci  which  arc  Frequently  compressed  or  unequally 
spaced  and  often  irregularly  colorch  More  rarely  still  indistinct 
chains,  containing  only  a  few  stained  cocci,  appear. 

There  are  found  scattered  throughout  the  exudate  well  atoinod 
normal  chains  with  individual  organisms  as  large  or  larger  than 
usual. 

There  is  a  very  distinct  contrast  between  these  normal  or  nearly 
normal  forma  and  the  bacteria  with  the  peculiar  characteristics  just 
mentioned.  In  other  words  the  streptococci,  instead  of  being  uni- 
fom\  in  appearance,  show  distinct  variationsn 

Third  stage  or  phagocytic  stciKje,  —  Six  hours  later  (that  is  28  hours 
after  injection)  there  is  gencrahied  phagocytosis. 

The  exudate  has  gratluaUy  become  thicker,  and  contains  a  large 
number  of  leucocytes  of  the  polyniielcar  type  and  some  mononu- 
clear cells  of  variable  sizci^.  It  is  to  be  noted  that  the  niononuclears, 
particularly  the  large  macro[>hages,  have  distinctly  outstripped  the 
microphages  in  phagocytic  activity-  Many  ai  the  microphages  are 
empt3',  whereas  the  mononuclear  cells  have  taken  up  considerable 
numbers  of  bacteria.  On  staining  with  Kuhne's  blue  it  is  found 
that  the  phagocyted  bacteria  are  generally  the  small  ones  taking 
the  faint  stain  and  showing  the  peculiarities  just  raentione<l.  On 
account  of  their  smallness  and  their  pour  staining  reaction  it  is 
frequently  difficult  to  detect  them  inside  the  phagocytes  when 
staining  with  methylene  blue.  This  latter  remark  is  applicable 
to  all  instances  of  partial  or  total  delayetl  phagocytosis;  some  cells, 
to  be  sure,  contain  cocci  of  nonnal  appearance  that  are  easily 
distingui'^hable  in  the  cells,  but  the  great  majority  of  them  occur 
as  small  bluish  indistinct  points  inside  the  cells.     To  demonstrate 
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phagocytoaiB  well  boracic  carmine  followed  by  Gram'a  atfljn  should 
be  used,* 

Fourth  stage.  Pod  phagoqfiic  stage  or  ^age  of  reinfection. — 
Preparationfl  from  the  exudate  34  hours  after  injection  atiJl  show 
a  few  flinall  unphagocytei]  bacteria,  but  whereas  these  organisms 
are  in  relatively  amai I  numbers,  the  Dumber  of  well  stained,  plump 
and  Qonnal  appearing  cliain^s  Ln  Ronsidembly  increased.  That  is 
to  say  this  latter  form  of  the  streptoeoecus  has  increased  propor- 
tionately over  the  other.  New  >treptv'co(^n  have  been  formetl  by 
the  mtihiplieation  of  the  normal  appearing  organisms  that  have 
resisted  engulfing.  The  animal  dies  shortly  after,  say  40  hours  after 
inoculation, 

A  few  scsltereil  streptoi^oiTi  in  short  chains  ami  normal  in 
appearance  are  found  in  the  blood,  as  is  usual  at  the  time  of  death 
in  rabbiU  injected  with  seninu 

This  description  of  a  peritoneal  infection  ctiaracLeriaed  by  a 
partial  phagocytosis  naturally  varies  considerably,  Tlie  duration 
of  the  difTerent  stages  may  vary  and  the  relative  proportion  of 
the  normal  and  abnormal  bacteria  before  phagacyto^s  may  also 
change^ 

Sometimes  the  animal,  being  exhausted,  dies  at  the  be^nning  of 
a  phagoej'tosis  that  concerns  only  a  small  proportion  of  the  bac- 
teria present  in  the  exudate.  But  one  observation  is  constant, 
namely,  a  (peculiar  appearance  of  the  bacteria  at  the  moment  when 
phagocytosis  Ijogins-  this  peculiarity  of  faint  staininj^  and  sraall- 
ncss  which  is  found  in  the  majority  of  bacteria  that  arc  being  tak<_^n 
up  by  phagocytes  is  shown  best  by  staining  with  methylene  blue, 

*  3t>kinLn^  l>aclcriB.  with  ^ntiuD  viulet  folltLrnciJ  t>y  Gmia'A  etaiii  aaJ  Jecolori- 
■atioQ  wiTh  aJoohal  and  piove  oil  la  not  always  sfLtisfactory,  It  stains  Emct^ia 
mtbcir  violently  and  ilflcs  not  bring  out  the  differences  between  individual  etrep- 
lococci.  Td  bring  ouL  clearly  details  ia  Ihe  flppearancc  of  lacteria  a  more  Jelicalo 
stain  like  KQUne'fl  hluc  is  ner^flsary. 

Tho  norcnal  appearing  clmins  alrraidy  montionnt  anj  rarely  to  be  fuuod  withju 
cetla.  Tlit;y  remain  extracellukkr  uud  arc  ^mewlLit  iiicreuseil  in  numl^tfr.  whereu 
the  number  nf  altered  l^actcria  has  greatly  decreoaed  outside  ihe  ceWs  owing  to 
pbagorytoaiB. 

\  Partial  pba^ocyt^i^iB  can  appi^r  only  relativ^jly  Ial«.  Furuaioplir,  wetuLVu 
seen  a  partial  pEiFigoeytoais  appoar  artt^r  nearly  4S  hours.  But  exeii  in  this 
iDOtaiicc  the  exudate  waa  full  of  Icucocytca  at  12  houri  and  later  liecame  purulent. 
8ucb  cases  prove  the  extrerne  per^ateace  of  the  negative  DhomiotaiiB  uF  tUa 
micro-organism- 
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Another  point  which  constantly  recurs  is  the  more  or  less  distinctly 
superior  phagocytic  activity  of  the  mononuclears  over  the  mi- 
crophagcs  particularly  to  be  noted  in  beginning  phagocytosis. 
Another  regular  finding  is  a  relation  between  the  consistency  of  the 
exudate  and  the  occurrence  of  phagoeytoais. 

In  exudates  containing  large  numbers  of  leucocytes  and  bac- 
teria there  arc  often  to  be  found,  before  partial  phagocytosis  begins, 
localities  where  cella  are  collected  in  more  or  tais  compact  masses; 
thc?e  leucocytes  frequently  show  changes ;  their  protopladin  k  not 
distinctly  outlines!  and  they  are  Frequently  confJucnt;  these  clumpa 
are  sur roundel  1  by  a  dimy  layer  that  does  not  stain  well;  tliia  layer 
b  apparently  mticilaginoua  and  has  some  distinct  relation  to 
cellular  disintegration.  Within  this  layer  there  are  large  numbers 
of  streptococci  to  lie  found  that  are  small  and  poorly  cotorsdj  in 
other  words  that  show  dLstinct  evidence  of  abnomiahly,  having 
apparently  developer!  there  and  lieen  retained  by  the  more  fluid 
nature  of  the  exudate  at  this  point. 

When  taken  from  the  body  the  exudate  coagulate,  the  leucocytes 
killeii  and  the  fluiil  therefore  becomes  distinctly  bat'tericitJal. 


are 


B.  Delayed  complete  pliagocyttmix. — -In  order  for  a  co!n[]lete 
phagocytosis  to  take  place  it  is  necessary  for  (ho  bacteria  to  be  in 
Hot  too  grt^at  numbers  and  for  the  aniniHl  nut  to  be  too  exhausted. 
The  pre-phagoeytic  jjerioti  is  similar  to  the  corresponding  jjeriod 
in  incomplete  pliagocytosis^  but  h  Tint  so  long.  When  the  animal 
sumvL-fl,  a  progressive  diminution  in  the  number  of  Uving  bac- 
teria within  the  phagocytes  is  to  be  noted  day  by  day;  the  cocci 
inside  the  phagocytes  are  separateih 

The  pliagoeytic  activity  in  complete  phagocytosis  is  very  great, 
not  only  on  the  part  of  the  mononuclears,  but  also  by  the  polynu- 
dears.  The  macrophages  do  not  content  themselves  with  taking 
up  streptococci,  but  also  take  up  more  or  less  degenerated  polynu- 
clears,  which  may  alrea^ly  themselves  have  taken  up  bacteria.  This 
point  has  already  been  brought  out  by  Metchnikoff  in  stud>'ing  the 
phagocytosis  of  the  stre|"»tococcua  in  erysipelas. 

There  are  all  tranfiitions  between  delayed  phagocytosis  and 
immediate  phagocytosb.  The  latter,  as  we  have  scen^  occurs  in 
rabbits  immuni^scd  by  serum  and  prepared  by  bouillon  on  the  intra- 
peritoneal injection  of  a  small  amount  of  streptococcus.    Without 
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being  absolutely  instantaneous ^  phagocytosis  in  these  cases  is  so 
rapid  as  to  prevent  any  extraeellular  reproduction  of  thu  strept<>- 
coccue.  In  addition,  cases  are  met  with  in  wliich  the  phagoeylic 
cmis.  although  somewhat  tlelayod,  is  yet  ao  rapid  that  no  exuberant 
development  of  the  bacterium  takes  place;  we  have  found  such 
phagocytosis  10  hours  after  inoculation.  Cases  like  this  show  a 
connection  between  the  two  fonns  of  phagocytosis  and  it  seems 
logical  to  admit  that  if  the  Icucoeytos  iti  preparefl  rabbitSj  with 
email  doees  of  culture,  can  rapidly  take  up  all  the  bacteria  inocu- 
lated, that  it  is  owing  to  a  mechanism  identical  with  that  which 
brings  about  dclaycii  phagocyto:^ii^. 

A3  wc  have  already  seen,  phagocytosis  may  be  brought  about  by 
injecting  into  the  peritoneal  cavity  of  a  rabbit  previously  prcparetl 
mth  boudlon,  a  mixture  of  preventive  serum  and  young  strepto- 
coccus culture-  The  question  arises  whether  the  accomplishment 
of  this  delayed  phagocytosis  is  favored  or  accelerated  when  the  mix- 
ture of  bacteria  and  serum  injected  has  been  in  contact  for  several 
hours;  or  whether  lh(»  phagneyftc  phenomena  are  an  distinct  and 
a.s  rapid  when  the  two  faet^trs  are  iiijfctwl  separately  into  the  peri- 
toneal cavity  without  having  been  previously  mixeil. 

Let  us  lakp  two  rabbits  of  the  same  weigiit  ami  prepare  them 
by  injecting  6  c.c.  of  pepton  Ixmillon  into  the  peritoneal  eavity  0/ 
each.  On  the  following  day  rabliit  A  is  given  4  e.c.  of  preventive 
Benim  intraperitoneally;  at  this  time  of  f^oui^e  the  ^^ritoneuni  con- 
tains many  leucocytes.  Rabbit  B  is  given  4  c.c.  of  nuniial  horse 
scrum  at  the  same  time.  There  have  been  prepareii  a  few  hours 
before  two  mixtures  composed  as  follows:  No,  1,  4  c.e,  of  preven- 
tive serum  and  0,5  of  a  cubic  centimeter  of  young  streptococcus 
culture,  No.  2,  4  c.c.  of  normal  horse  serum  and  0.5  of  a  cubic 
cenLimctor  of  the  same  streptococcus  culture*  These  mixtures 
have  been  Itept  at  room  temperature.  At  timfs  var>'ing  from  one- 
half  or  three-quarters  of  an  hour  to  seven  or  eight  hours  after  the 
first  injection  of  rabbits  A  ami  B,  these  two  mixtures  may  be  in- 
jected into  the  respective  peritoneal  cavities  as  follows:  rabbit  A^ 
that  has  reccivttt  preventive  scrum,  is  given  the  mixture  containing 
normal  serum.  Rabbit  B  that  has  rcceivctl  the  injection  of  normal 
hoiae  serum,  subsequently  ]v?ceivca  the  mixture  containing  preven- 
*  We  have  v&ried  Ihesa  dm^^  in  cJilTereDl  experiments. 
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tive  serum.  Both  tliese  rjibbits  have  remveil,  then,  id  thy  same 
regiDD  the  same  amounts  of  bacteria  and  of  serum;  they  liiffer,  in 
that  one  has  received  both  substances  separately  and  the  other 
received  them  at  the  same  time. 

Kabt^t  B,  tluLt  received  preventive  serum  plus  bacteria  subjected 
to  itj  not  only  suirivea  Jonger,  but  shows  the  most  complete  and 
accelerated  phagocytosis.  Neither  rabbit  rccovere,  a.s  the  amount 
of  bacteria  given  was  purposely  too  large  for  tlie  dose  of  serum, 
but  both  live  longer  than  the  control.  In  correspondence  with 
the  grealpr  rapidity  of  phagocytosis  in  rabbit  B  the  total  develop- 
ment of  strep toeocci  has  romaincLl  distinctly  more  rcstricteil:  before 
phagocytosis  occurs  the  peculiarities  alrtaidy  noted  in  the  bacteria 
are  shown  more  clearly, 

Tliia  experiment,  which  we  have  repeated  a  number  of  limes^ 
gives  the  same  results  uniformly.  The  same  results  arc  abo  ob- 
served in  experimenting  on  rabbits  that  have  not  been  previously 
prepared  by  means  of  bouillon. 

It  is  to  be  noted,  however,  that  the  differences  between  the  two 
rabbits  in  the  experiment  cited  are  only  relative  differences.  In 
Iwth  animals  phagocytosis  iadclayet^I,  butit  appears  more  readily  in 
the  one  than  in  the  other.  At  the  beginningof  the  experiment,  dur- 
ing the  fin^t  hours,  however,  the  phenon3ena  are  siDoilar  and  the  bac- 
terial growth  goes  on  actively  m  both.  A  previous  contact  between 
liie  bacterium  and  the  serum  in  vitro  may  favor  a  cure,  but  even  pro- 
longed contact  i^ith  the  serum  apparently  caa=es  no  modification  in 
the  micro-organism  evident  after  its  injection  into  the  animal. 

IV.  Intravenous.  Intraocular  and  SuacoTANKOua  Inocu- 
lation OF  THE  Streptococcus  i\  Rabbits  Tkeatko  by 
Serum. 

We  have  alreatJy  seen  that  a  dose  of  O.I  to  0.25  of  a  cubic  cen- 
timeter of  streptococcus  culture  mjected  intravenously  iu  animals 
vaceinateii  by  serum  does  not  increase  to  any  great  extent  in  the 
body.  It  ia  eviilent,  however,  that  the  injecteii  Imcteria  live,  as  the 
animal  dies  in  2  to  4  iiays.  At  autxipsy  few  bacteria  are  Found  in 
the  blocKl,  but  more  are  present  in  the  liver,  spleen^  bone  marrow 
and  particularly  the  lung. 

If  a  small  number  of  bacteria  are  injected  in  the  fimt  place,  it  » 
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difficult  to  fim!  them  micrtjscopicaliy.  It  is  quite  probable  that 
those  orgaoisins  have  been  taken  up  by  leucocytes  in  the  bkKxi,  since 
the  serum  of  aniniala  that  have  received  preventive  scrum  shows  no 
bactericidal  property  that  apparently  would  offer  resistance  to  the 
growth  of  Ihe  micro-organ  ism  in  the  circulating  blood.  Wc  know, 
to  be  sure,  that  when  small  amounts  of  streptococci  are  inoculated 
into  a  re^on  ct^ntnining  many  leucoey tea  (a  preparer!  pentonpum) 
ihtfy  are  ra|>i<lly  Inki^ii  ujj  and  their  growth  inhibitnl,  Mnreover, 
at  aut<p;wy  ttf  such  rabbits  after  death  there  are  fre^juenUy  [i>  be 
found  ill  the  internal  organs  (lunga  or  spleen)  IpucoeyttM^  particularly 
mononuelears,  containing  numerous  streptococci. 

A  subcutaueoas  ino^mlation  iy  the  one  most  easily  tolerate*!  by 
animals  that  have  reeeive<l  serum.  No  edema  occura  at  the  point 
of  inoculation  (except  with  inoculations  in  the  ear),  which  renders 
the  study  of  ihis  condition  rather  difficult.  The  bacteria  do  not  pass 
into  the  blood  and  it  is  probable  that  the  cells  of  the  lymph  spaces 
in  the  glands  have  an  im|XJrtant  function  in  defending  the  body. 
We  have  many  things  etill  to  consider  on  this  point.  Denys  and 
Leclef,  particulariy  by  studying  the  effects  of  subcutsneoas  inocu- 
lations in  the  ear,  have  e^tablisheil  the  fact  that  the  immunity  is 
due  to  phagocytosis.  Inoculation  into  the  aqueous  humor  ie  dan- 
gerous. The  veri/  smnllcsl  atnount  of  streptococci  when  inlroduced 
here  increoifes  rapidly.  Tlie  influx  of  leucocytes  is  slow,  not  occur- 
ring to  any  extent  under  2-1  hours,  and  is  not  sufficient  to  protect  the 
animal  for  any  length  of  time.  Later  on  well  stained  chains  of  strep- 
tococci surrounded  by  an  areola  arc  found  free  omiJ  Icueocytea  that 
contain  few  bacteria;  a  generalized  infection  finally  takes  place. 
The  scrum  injected  into  such  a  rabbit,  however^  was  very  active: 
a;^  it  protected  another  rabbit  in  the  same  dose  against  the  sub- 
cutaneous inoculation  of  ti.25  of  a  cubic  centimeter  of  a  young  and 
very  N-irulent  culture* 


VI,    ON  THE  AGGLUTINATION   AND   DISSOLUTION   OF 

RED  BLOOD  CELLS  BY  THE  SERUM  OF  ANIMALS 

INJECTED  WLTU   DEFIBRINATED  BLOOD* 

Bv  DR.  JULES   BORDCT. 

In  an  artu:Ie  pubU>ihed  in  lS95t  we  called  attention  to  tbe 
following  fa<:ta; 

Pirat: — Tiieserum  of  ammala  which  have  been  vaccinated  agtunst 
the  cholera  vibrio  causes  h  remarkabk  phenomenun  when  miKecl 
with  a  culture  of  vibrios  suspended  in  salt  solution  or  bouillon. 
A  very  smsJI  dose  of  this  serum  wiU  cause  a  loss  oF  nictility  in  the 
bacteria  and  will  collect  them  in  masses  or  tluuips.  If  the  serum 
has  been  freshly  obtained  and  added  In  a  sufficient  dose  to  the 
emulsion  its  action  on  the  bacteria  is  still  more  extensive.  The 
vibrios  that  have  been  clumped  are  soon  transformed  into  granules 
identical  with  those  obser\'ed  by  PfcifFcr  in  the  peritoneal  cavity  of 
immunized  guEuea-pigs  on  injecting  a  culture,  and  the  aarae  afl 
those  produced  by  Metchnikoff  in  vitro  by  mixing  an  emulsion 
of  vibrios,  preventive  serum,  and  poritonoal  exudate  containing 
leucocytes.  This  granular  transformation  is  the  visible  iodicatloii 
of  an  extensive  destruction  of  the  bacteria. 

Second :  —  Scrum  kept  for  some  time  or  hcatod  to  55  degrees  loses 
its  power  to  prtxiucc  a  granular  transformation  in  vibrios  but  still 
slumps  them.  This  clumping  always  occurs  in  ihe  presence  of 
preventive  serum  and  may,  therefore,  be  very  marked  with  a  scrum 
deprived  oF  its  bactericidal  activity. 

Wc  may  note  that  Fraenkcl  and  Sobcmhcim  (Hygicnische  Rund- 
schau. Januaiy,  1S9-1)  bad  already  noted  that  cholera  serum  heated 
to  55  degrees  or  even  as  higii  m  60  degrees  or  70  degrees  C.  loses  its 
bactericidal  power  but  retains  its  preventive  power 

■  Sur  I'tk^tutinalioD  et  diASoLution  lica  globulus  rouf^  ]>ar  le  Bcnim  d'amraaux 
injecl^a  de  uur  defjbrinf.    Aaa&lea  de  I'Tnatitut  Pualeur.  1393,  XII*  6S8. 
t  See  p.  S. 
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Thiri:  —  If  we  add  tiie  freah  serum  of  a  normal  animal  to  cholera 
Berlin  prev-iously  licaled  to  55  degrees,  and  which  coa^equcntly 
no  longer  effects  a  graaiJar  transfortiiaUon  but  still  clumps  the 
vibrios,  we  find  that  the  bactericidal  power  is  restored  to  the  pre- 
ventive serum,  that  is,  it  again  produces  granule:^;  and  yet  healed 
preventive  serum  alone  is  an  excellent  culture  medium,  and  normal 
serum  alont'  has  only  slight  bactericidal  power.  In  iitlier  wtinls, 
the  two  coastitiienlf^  of  the  mixture,  separately,  are  slightly,  if  at 
all^  bactericidal;  when  united,  however,  they  act  energetically  ou  the 
vibrio.  Normal  senjm  restores  to  the  preventive  serum  that  sub- 
stance whii^li  heat.  lia«  iltsl.myeii,  but  it  Ls  incapable  uf  respiring 
thL^  pntperly  when  itself  heated  ti»  35  degrees.  It  is  rather  striking 
to  note  how  very  small  an  amount  of  preventive  serum,  whether 
fresh  or  heated  to  55  degrees,  will  endow  normal  serum  with  strong 
bactericidal  activity.  From  these  facts  we  cont?iude<.l  that  the 
intense  destructive  power  against  bacteria  present  in  immune  serum 
is  due  to  the  action  of  two  distinct  substances,  one  of  which  is 
characteristic  of  immunized  animals,  is  endowed  with  specificity, 
is  capable  of  acting  in  a  very  small  dose,  and  resists  heat;  and  the 
other  of  which  is  present  in  norma!  as  well  as  immunized  animaU, 
is  destroyed  by  heating  to  55  degrees,  is  not  in  itself  specific,  and 
hasonlya  slight  activity  when  not  associated  with  the  fii^t  subr^tance. 
Without  indulging  in  hypotheses  as  to  the  intimate  mechanism  of 
the  action  of  the  two  substances,  we  ofTeretl  a?  a  probable  expiaoa- 
tion  that  the  specific  substance  by  iinmobiliain*;  and  clumping 
bacteria  renders  them  more  susceptible  to  the  l>act<?ricidal  sub- 
stance (alexin)  present  in  the  serum  of  normal  as  well  as  of  immun- 
ized animals. 

It  may  easily  be  understood  then  why  the  injection  in  normal 
animals,  of  cither  fresh  or  hcatetl  cholera  serum,  gives  rise  to  a 
specific-  bactericidal  power  in  their  serum:*  the  specific  substance 
unites  in  the  injected  animal  with  the  alexin  alrea^ly  present*  The 
serum  obtaineil  from  an  anlnaal  after  such  an  injection  contains, 
therefore,  the  two  substances,  the  presence  of  both  of  which  is  neces- 
sary to  affect  the  vibrio  seriou.'^ly  a.^  indicateil  by  granular  metamor- 

*  We  notod  in  1305  that  if  a  DDrcoal  guin^-pi^  te  injected  with  preventive 
Fprum  Active  aeaiiiet  tht  vihriu  MetdiuLkovu  tbe  Aenim  oF  ih'a  ajiimai  b^comtfa 
bactCTJcidal  for  the  vibrio  Metchnikovi,  but  not  for  Lhe  ebolera  vibrio. 
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phoais.  This  theory  of  '*two  substances *'  as  explanatory  of  the 
origin  of  the  bactericidal  power  in  the  serum  of  passively  imtniinizal 
animals  was  acceple<l  in  the  following  year  by  Gruber  and  Durham; 
we  shall  return  presently  to  this  subject  and  particularly  to  certain 
objections  that  Pfciffer  has  matle  to  our  theory. 

Other  facts  were  soon  added  to  those  just  mentioned.  In  the 
early  part  of  18%  both  Gniber  and  we  ourselves  recognized  that 
the  property  of  inunobilizing  and  clumping  backria  was  not  found 
exclusively  in  the  scrum  of  immunized  animals.  Wc  noted,  for 
example,  that  normal  hoi^e  serum  clumps  the  cholera  vibrio,  B. 
coli,  B.  typhosus  and  B,  tctaoi  very  distinctly.  The  scrum  of 
other  animals  also  aggluliiialua  tliem,  but  usually  to  a  less  cxtent- 
This  property  of  agglutination  which  is  so  marked  in  immunized 
animals  occurs,  as  it  were,  in  a  primitive  condition  in  the  serum  of 
norma!  animals.  We  also  called  attention  in  1S95  and  subscqueutly* 
to  the  fact  that, as  a  general  rulc>  the  serum  of  one  animal  will  clump 
the  red  blood  cells  of  an  animal  of  a  different  species-  This  power 
also  is  frequently  present  to  a  very  marked  extent;  thus  it  is  foun<l 
that  the  aerum  of  the  hen  clumps  rat  corpuscles  and  especially 
rabbit  corpuscles  with  suqmsing  energy.  Thanks  to  the  researches 
of  Prof,  Buchner  we  have  known  for  some  time  that  a  given  serum 
is  frequently  able  to  destrt^y  the  red  blood  cells  of  an  animal  of 
another  species  by  dilTusing  their  hemoglobin  and  so  making  them 
transparent:  a  gnoii  example  of  this  phenomenon  is  the  action  of 
rabbit  serum  on  guinea-pig  re^l  b](»n<l  corpuscles.  Burjiner  also 
shcwetl  that  a  temperature  of  55  degrees  will  destroy  this  destructive 
power  for  rpil  blood  cells  in  serum  as  weil  as  the  anialogous  power 
for  bacteria. 

It  is  easy  to  determine  that  these  two  plienomena  of  clumping 
and  of  destruction  of  corpuscles  by  serum  from  a  different  animal 
species  are  tiue  to  two  separate  substances.  The  destructive  sub- 
etance  which  causes  corpuscles  to  lose  their  hemoglobin  is  destroyed 
at  55  degrees^  ss  Buchner  showed,  but  the  clumping  substance  re- 
sists heating  to  this  temperature.  In  experiments  of  this  kind  I 
h&ve  usually  heated  the  sera  to  f>o  degrees  for  half  an  hour.  For 
example,  we  find  that  fresh  hen  serum  agglutinates  and  then  destroys 
rabbit  corpusclee;  when  heated  to  55  degrees  it  etill  clumps  them  as 

*  See  page  92. 
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well  as  before,  but  lioes  not  destroy  them,  as  is  shown  by  the  fact 
tJiat  they  retain  their  color  and  normal  appearance. 

It  is  evident  that  there  is  a  striking  parallel  between  those  changes 
shown  by  vibrios  subjected  to  cholera  scrum  and  those  in  rc<l  blood 
cells  affected  by  serum  from  an  alien  species.  We  have  noted  that 
the  clumping  effect,  wliich  is  more  or  less  evident  in  both  Instances, 
is  due  to  substances  which  resist  heating  to  56  degrees  or  even 
fnore;  it  has  also  been  noted  that  the  destructive  properties  neces- 
sitate the  presence  of  a  more  susceptible  substaQce,  wliich  is  de- 
stroyed by  heating  to  55degrccs,  In  ageneral  way  certain  analogies 
ftrcprraonl  in  thesera  of  nonnal  animals,  at?  a  weak  clumping  power 
both  for  bactena  and  red  blood  cell,'?  is  Ercqucntly  louud  in  thcru; 
normal  sera,  raoreover,  have  usually  some  altering  or  destructive 
cETect  both  for  alien  red  blood  cells  and  susceptible  micro-orgao- 
hms.  A.^  ha.H  already  been  noted,  the  cholera  vibrio  if  attenuated 
and  ordy  slightly  resi^^tant  may  shew  at  least  partial  transfoTmatLoD 
with  a  normal  serum. 

If  a  normal  animal  is  vaccinated  with  tbc  cholera  \ibrio^  the 
original  clumping  and  deatructive  properties  of  its  serum  are  con- 
siderably increased  *  On  account  of  the  parallelism  that  we  have 
jui^t  indicatcl  and  on  account  of  analogies  in  the  action  of  sera  on 
cells  and  bacteria,  a  question  immediately  arises.  Would  it  be 
possible  by  injecting  a  normal  animal  with  the  de£bnnated  blood 
of  au  animal  of  a  different  species  to  increase  the  clumping  and  de- 
structive [property  of  its  serum  for  the  corpuscles  injected?  Experi- 
ment give^  a  positive  answer  to  this  question.  Guinea-pigs  were 
injeclial  intraperitoneally  five  or  six  times  with  10  c,c,  of  defibri- 
nated  rabbit  bli.xxLt  The  animals  stand  this  treatment  very  well. 
Aflera  time  their  blootl  is  withdrawn  and  the  serum  its  found  to  have 
the  following  characteristics: 

First:  —  When  juldw!  to  deflbrinate<l  rabbit  blnofl  it  clumps  the 
red  corpuscles  enor^etiiially.     For  example,  one  part  of  serum  will 

*  Wc  usf  tbc  cholera  vJLriu  aa  un  c:iajDple.  uUhuugh  it  !h  well  known  that 
vOCf^inAlion  wiih  olhcr  h[Lf<tfri[i  will  nlao  oauriA  thi^  Appi'^raocc  of  a^lulinaLiug 
power-  Tbc  chulcn  vibrio,  hon'ovd',  on  account  of  its  Buaccptibjlity  is  tlie  beat 
urgaDisin  tu  lieiiiocisCutB  Tlie  LfLtcUTJuiiliLl  r^utictLiiice. 

t  Theae  doses,  fir^t  used  by  Dr.  Bnrdctlcprodui^eiLbMnolytio  it^ram.  hare  sitme 
bccafouDd  in  his  Ixcn  J9<  oawetl  04  those  of  othrr  investigators,  to  be  uaauceaaarily 
large,  QuiL«  aa  good  results  can  l>e  obtoiaeU  by  iajectiuK  much  EmatLer  amounta^ 
For  FXAmplc.  1  cc.     (Ed  ] 
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dump  llie  red  UcmmI  ce\h  in  fifteen  partH  of  defibrinatetl  rabbit 

Second: — The  uorpusclt^  that  have  been  clumped  by  this  serum 
subsequently  undergo  rapid  and  complete  destmclion;  For  example, 
in  a  mixture  of  one  part  of  defibrinaied  rabbit  blooil  and  two  or 
three  psxts  of  active  serum  the  mixture  becomes  red  and  perfectly 
transparent  in  2  or  3  minutes.  Microscopically,  nothing  but 
the  stroiuata  of  the  corpuscles  are  found  in  the  fluirl;  they  appear 
more  or  less  distorttdj  very  transparent,  without  ihcir  usual  sheen, 
and  rather  difficult  to  discern. 

Thir^i:— If  this  active  guinea-pig  Berum  is  beated  to  55  degrees  for 
half  an  hour  it  loses  the  property  of  destroying  rabbit  coq^uscles, 
but  still  agglutinates  them. 

Fourth :  —  if  a  certain  quantity  of  frc^^h  normal  guinea-pig  serum 
is  abided  to  a  mixture  of  defibrinatcd  rabbit  blood  aud  i?|>efific  serum 
heatcti  to  55  degrees,  the  phenomena  of  destruction  reappear  in 
their  entirety.  The  mixture  t)ccomee  limpid  and  re^l  in  a  few 
minutes.  It  in  rather  surprising  to  find,  moreover,  that  the  experi- 
ment succeeils  perfectly  if  frc^h  scrum  from  the  very  rabbit  whose 
corpuscles  arc  affected  is  added  to  the  mixture  of  corpusclea  and 
heate\l  specific  scrum.  That  is  to  eay,  the  corpuscles  of  this  rabbit 
have  become  susceptible  tx)  tlicir  own  alexin  under  the  iuHuence 
of  the  foreign  clumping  substance  from  a  guinea-pig  treatarl  with 
dctibrinatevl  rabbit  bloori. 

Fifth:  —  Although  it  is  true  that  active  guinta-pig  serum  loses  il^ 
destructive  property  by  heating  to  G5  degrcts  it  is  not  quite  exact 
to  say  that  dcfibrinated  rabbit  blooil  when  mixed  with  such  a 
serum  remains  wholly  intact-  There  is  sufficient  destruction  of  red 
bluo*l  ceils  tn  give  the  fluid  a  more  or  less  rLiliilsh  color,  although 
the  dcsLnjcition  is  only  partial  ami  very  slow.  This  destruction  is 
due  tfi  the  fact  that  the  defibrinatcd  blnoil  cnnlains,  not  only 
corpuscles,  but  also  serums  containing  a  certain  amount  of  alexin, 
and,  as  we  have  just  si>en,  nonnal  rabbit  alexin  will  act  on  rabbit 
corpuscles  whrn  the  latter  have  been  affeete^l  by  tlie  clumping  sub- 
stance of  aelive  Kerum.  The  amount,  of  alexin  iu  the  delibrinated 
rabbit  bloori,  however,  is  not  sufficient  tij  destroy  a  large  number 
of  coriJUst^U-s,  which  explains  why  the  destruction  of  red  blow!  cells 
is  very  slow  anil  only  paH.tal  in  such  a  mixture. 
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Sixth:  — The  phenomena  mentioned  Jo  [lot  occur  if  normal  guinea- 
pig  serum  is  used  instead  of  the  scrum  from  a  guinea-pig  that  has 
been  treated  with  frequent  injectiona  of  defibrinatcd  rabbit  blrKxi. 
Normal  guinea-pig  sejum  has  only  a  very  slight  clumping  effect  on 
rabbit  eorpurtcles  and  its  destructive  power  against  iheni  is  practi' 
cally  nil. 

Seventh:  —  The  specific  serum  of  a  trealefl  guinea-pig  ha*  no  effect 
on  flip  deSbrinatftl  blood  of  a  norma!  guiiiea-plg.  It  hu^s^  innreiiven 
no  effect  on  tlie  red  blood  celh  of  the  pigeon.  It  agglutinates  ener- 
getically rat  auj  mouse  coq^uscles,  but  no  more  so  than  norTnal 
guinea-pig  serum.  This  guinea-pig  serum,  which  affeci^  rabbit 
blotwl,  has  slightly  more  destructive  properties  for  rat  and  mouse 
corpuscles  than  does  normal  guinea-pig  serum;  but  the  destruction 
of  corpuscles  in  a  mixture  of  this  active  serum  and  rat  or  mouse 
blood  is  very  much  less  complete  and  rapi<i  tlian  In  a  mixture 
of  tile  eerum  with  rabbit  corpuscles.  We  intend  trj-ing  the  effect 
of  this  serum  on  The  eorpuscles  of  a  great  number  of  species  in 
order  to  determine  just  how  far  the  phenomenon  is  specific;  the 
specificity,  however,  from  the  data  that  we  have  alreatly  ^vcn 
would  seem  to  be  very  distinct,  if  not  absolute. 

Eighth: — If  a  small  amount  (2  ex.  for  example]  of  dcfibrinated 
rabbit  blood  is  injected  into  the  peritoneal  oavity  of  a  treated  guinea- 
pig  (that  is  a  guinea-pig  that  has  received  several  injections  of 
rabbit  blood)  the  corpuscles  are  rapidly  destroyed-  The  Huid  with- 
drawn from  the  peritoneal  canity  ten  minutes  later  is  red  and  limpid. 
The  corpuscles  remain  intact  much  longer  if  injcctetl  subcutaneousiy. 
If  such  an  injection  ia  made  into  the  peritoneal  cavity  of  a  normal 
guinea-pig  the  corpuscles  remain  unchanged  and  are  finally  taken 
up  by  the  macrophages, 

Nititli: — If  rabbit  blood  plus  a  small  amount  of  active  scrum 
previously  heated  to  5o  degrees,  is  injected  into  the  peritoneal 
cavity  of  a  normal  guinea-pig  a  similar  destruction  of  corpuscles 
occuis. 

Tenth; — As  might  be  expecteii  an  active  serum  with  w  ruarketl  an 
effect  on  rabbit  corput^rles  Ls  toxic  for  tliis  animal.  Two  cubic  ccnti- 
metei^  injecteil  int<j  the  ear  vein  is  fatal.  We  shall  later  return 
to  a  discussion  of  the  symptoms  and  lesions  which  such  injections 
cause. 
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It  must  be  quite  ovidcnt  to  the  roatler  how  c\os9  an  analogy  there 
is  between  the  action  of  cholera  serum  and  of  this  aotieorpuscular 
serum,  the  properties  of  whicli  we  have  merely  outlineih  In  the 
prcce<.ling  pages  the  despription  so  much  resembles  the  description 
of  a  specific  cholera  serum  that  it  would  hold  for  the  latter  if  the 
words  "defibrinated  blood**  were  replaced  by  the  words  *' culture 
of  vibrios"  and  the  expression  "destruction  of  rabbit  blood  cells" 
by  the  expression  "granular  transformation  of  the  vibrio,''  The 
analogy  is  still  more  striking  when  wc  consider  that  the  alexm  tliat 
affccta  rabbit  blood  cells  is  probably  identical  ^ith  that  whicb 
causes  a  granular  tranp  formal  ion  of  the  vibrios.  At  least  the 
intense  destructive  power  which  is  evident  in  both  instances  is 
destroyed  at  55degrce3.  In  both  instances  this  destructive  property 
would  seem  to  be  widely  distributed,  not  only  in  the  serum  but  in 
the  peritoneal  exudate,  and  it  would  seem  to  be  absent  From  sub- 
ctitaneoQS  edema  fluid  obtained  by  venous  compre^ion.  If  mix- 
tures  of  defibrinat«d  guinea-pig  blood  and  rabbit  serura  are  matle 
on  the  otie  haml  and  defibrinated  blood  and  edema  fluid  from  the 
same  rabbit  on  the  other  hand,  it  will  l"»e  found  that  there  is  destruc- 
tion of  the  guinea-pig  cor|tusclea  in  the  serum  tube,  but  none  in  the 
eiienia  tulje.  As  we  already  know  edema  fluid  also  fail.**  to  proiiuce 
a  metamorphosis  of  vibrios  treated  with  heated  eholera  scrum. 

What  conclusions  may  be  drawn  from  these  analogies?  We 
may  conclude  that  the  properties  with  which  cholera  serum  is 
endowed  have  not  been  manufactured  by  the  animal  body  for  the 
simple  purpose  of  combating  an  infection,  if  we  may  so  express 
it,  but  are  due  simply  Lo  the  starting  up  of  certain  preexistent 
functions  that,  may  be  directed  according  to  chance  conditions  either 
against  such  harmful  substances  as  vibrios  or  else  against  such 
wholly  innocuous  elements  as  red  blood  cells.  As  we  have  already 
shown,  on  injecting  animals  with  harmless  substances  such  as  red 
blood  cells  we  obt^n  a  serum  which  affects  these  cells  just  as  a 
cholera  serum  affects  the  cholera  vibrio.  In  the  case  of  the  eholera 
vibrio  these  properties  do  not  arise  spontanoualy,  expressly  to 
defend  the  animal  ngaJnst  thl-^  orfamisrn,  any  more  than  docs  phago- 
cytosis, the  very  keystone  of  immunity,  owe  its  existence  to  a  need 
of  combating  bacterial  infections.  One  of  the  most  important 
conclusions  to  be  drawn  from  Mctchnikoff'a  work  is  that  immunity 
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is  simply  an  instance  of  intracellular  digestion  and  entirely  a 
chance  and  efficient  application  to  animal  defense  of  a  primitive 
function  which  would  exist  even  if  there  were  no  pathogenic  organ- 
isms in  existence.  Since  this  form  of  intracellular  digestion  is  so 
admirably  fitted  to  aid  in  the  survival  of  the  individual  it  has  been 
made  use  of  for  this  purpose. 


VTI.    THE  MECHANISM  OF  AGGLUTTNATrON.* 


Bt   DR,   JULES   DORDET- 


The  expression  " plienorHcnon  of  aggluliDation''  is  usually  em- 
ployed to  iiniicate  that  bacteria,  iu  a  homogeneous  auspen^iion  in  & 
fluid  like  bouillon  or  i^otomc  salt  solution  collect  in  clumps  and 
fall  to  the  bottom  of  the  tube  when  actal  on  by  a  specific  scrum. 
We  demonstrated  the  first  instance  of  this  phenomenon  in  1S95 
by  showing  that  cholera  vibrios  suspendal  in  salt  solution  lose 
their  motility  when  subjected  to  the  action  of  a  small  dose  of  fresli 
or  heated  anticholera  serum  and  that  they  then  rapidly  collect  in 
Email  masses  that  float  in  the  fluidnf 

This  agglutination  must  Iw  considered  from  several  different  stand- 
jxiinta.  In  the  first  place  it  must  be  studied  as  an  entity  without 
any  reference  to  its  physiological  sign i fie ance.  WTien  looked  at 
from  this  viewpoint  agglutination  has  evident  relation  both  with 
physicrtaiid  wilh  chernistrj'.  If  we  attempt  to  define  the  impikrtance 
of  this  phenomenon  in  inminnity,  when  we  wish,  for  instance,  to 
know  whether  it  is  functional  In  defense  of  the  animal  bo<ly  or  what 
cells  fieerete  the  substances  that  cause  it  and  liberate  them  in  the 
serum  and  so  endow  it  with  its  partieular  activity,  we  must  con- 
sider agglutiralion  from  the  [tliysiologiral  standpoint. 

In  the  present  slmly  we  shall  consider  tlie  mechanism  of  agglu- 
tination and  shall  begin  by  reviewing  the  prineifjal  theories  that  have 
been  offered  to  explain  the  phenomenon.  We  may  note  at  once 
tliflt,  to  be  satisfactor>',  a  theory  on  a  subject  like  this  should  have 
a  general  bearing,  and  should  not  deal  simply  with  the  agglutination 
of  bacteria.  Bacteria  are  not  the  only  cells  clumpwl  by  serum; 
the  agglutination  of  red  blood  cells  by  the  serum  of  an  animal  of 
another  species,  must  also  Ije  taken  into  consideration.     We  have 

*  Le  mi^clijULisiite  de  I'agEliitiiuLtiuit.  Anuales  de  t'luBtilut  Pasteur,  1S99, 
XIII,  22i, 

t  See  article,  p»  &. 
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already  shown  thai  a  specific  aerura  with  very  marked  agglutinating 
properties  for  red  blood  cells  may  be  obt^ned  by  injecting  an 
animal  of  another  species  with  a  given  MchwI  *  Any  acceptable 
explanation  then  shoulil  be  applicable,  not  only  to  Lfie  agglutina- 
tion of  bacteria  bub  also  to  the  agglutination  of  bloo<l  corpuscles 
and,  as  we  shall  see  further  on,  to  the  agglutination  of  particles  of 
casein  suspended  in  milk. 

With  this  n?mark  we  may  consider  the  different  hypotheses  that 
have  been  pro|X)sed. 

L  Gruber's  JiTfpothesis.  —  Gruber  thinks  that  the  agglutinin 
changes  the  bacterial  substance  essentially,  Acconling  to  his  in- 
terpretation it  renders  the  membmne  of  the  miuro-organisms  more 
viscous  and  this  vibcous  condition  of  the  superficial  part  of  the 
bacteria  causes  them  to  stick  together  and  explains  their  collection 
in  definite  clumps. 

This  conception  explains  well  enough  why  bacteria  that  have 
once  been  united  remain  together,  butitdoes  not  in  any  way  explain 
how  the  organisms  approach  each  other  to  form  the  clumps.  ]n 
explaining  the  fact  it  emphasizes  exclusively  the  structure  ofthecelh 
affected  by  the  agglutinin,  without  admitting  that  the  phenomenon 
may  be  explained  even  in  part  by  Himple  pliysical  laws.  Since  this 
hypothesis  depends  entirely  on  the  supposed  existence  of  a  change 
in  a  cell  membrane,  namely,  a  swelling  accompanied  by  the  pro- 
duction of  an  adhesive  substance,  it  in  no  way  exj^airis  the  a^jfjlu- 
tination  of  iJiorganic  chemical  particles.  It  rules  out  any  relation 
between  the  agglutination  of  bacteiia  and  the  possible  clumping 
of  chemical  precipitates  in  a  fluid. 

2.  Sordet's  hypoihei^is.  —  The  conception  which  we  gathered 
from  a  study  of  this  phcDomcoon  in  1896  is  essentially  different. 
It  appeared  to  us  that  in  the  case  of  the  agglutination  of  the  cholera 
vibrio  by  ita  specific  serum  wc  have  to  deal  with  a  phenomenon 
in  which  the  bacteria  play  only  a  passive  rfile  and  in  which  their 
vitality  is  not  concerned,  Jt  is  evident  that  motility  is  not  necea- 
sary»  since  agglutination  occurs  not  only  io  bacteria  that  have  lost 
their  motility,  but  alw)  in  red  blool  cells  which  arc  inert.  The 
passive  r6le  of  bacteria  is  still  further  evident  wlien  the  agglutination 
of  dead  micro-organisms  ia  considerctl.    Grubcr'a  hypothcisis,  more- 

•  See  article  p,  134- 
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over,  arouses  certain  nther  objections,  to  which  we  shftll  later  refer, 
and  it  appeared  to  us  that  agglutination  *'ia  due  to  some  phenom- 
enon of  molecular  physics.  The  slightest  effects  may  cause  chemi- 
cal precipitates  which  have  reinained  uniformly  suspendeil  in  a 
fluid  to  fall  to  the  bottuni  of  the  tube.  I(  is  ftroiiahle  thai  aenim 
ads  on  imcieria  by  changing  the  reialionx  of  vwtecular  {UtrOfUion 
between  the  bact&na  and  the  surrounding  Jtuid." 

It  is  evident  that  this  interpretation  does  not  explain  the  inti- 
mate nature  of  the  phenomenon  any  more  than  does  Gruber's; 
it  simply  compares  particles  of  such  different  natures  as  bacteria, 
red  blood  cells  and  chemical  precipitates,  each  of  which  when  sus- 
pended in  a  fluid  may  be  brought  together  in  masses  by  certain 
influences.  Contrary  to  Gruber's  conceptions,  this  explanation 
implies  the  existence  of  analogies  between  the  various  forms  of 
agglutination  whatever  may  be  the  substances  agglutinated;  it  pre- 
supposes the  predominant  intervention  of  physical  laws  in  the 
phenomenon. 

We  must  be  quite  clear  on  this  point.  Does  this  hypothesis 
mean  that  bacteria  when  affected  by  the  agglutinin  act  simply  as 
inert  particles  in  a^  phases  of  the  phenomenon!  Certainly  not. 
Agglutinins  arc  specific  i  and  there  is,  moreover,  not  the  slightest 
doubt  that  they  act  directly  on  the  bacteria  since  these  cells  rapidly 
lose  their  motility  in  the  very  first  stages  of  the  phenomenon.  In 
the  first  phase  of  the  phenomenon  the  action  of  the  agglutinin 
evidently  takes  into  account  the  particular  biological  nature  of  the 
clement  that  it  affects:  this  is  evident  aincc  it  affects  certain  organ- 
isms and  not  others.  But  the  subsequent  changes  which  bring 
the  affected  organisms  together  may  be  brought  about  by  the  slight- 
est mod ifi cations  in  the  active  substance  provideil  they  are  sufficient 
to  change  the  relation  of  molecular  adhesion  between  bacteria  and 
fluid.  From  that  point  on,  according  to  the  hypothesis,  the 
biological  nature  of  tlie  substances  affected  would  no  longer  count. 
The  bacteria  are  thenceforth  agglutinated  according  to  physical 
laws  wliich  are  B|»plicable  also  to  certain  inorganic  particles,  and  it 
is  unnecessary  to  supfxi^e  ihe  presence  of  an  mlliesive  substance  or 
of  sticky  or  viscoaH  membranes  to  explain  the  clumptiig  anri  the 
adhesion  of  ihe  micro-organisms.  Gruber's  hypothetiis  exrludes 
physical  laws;  our  hypothesis  would  attribute  considerable  impor* 
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t&icp  to  thorn,  particularly  during  the  pfiase  of  the  phenomenon 
in  wtiich  t.hc  bacteria  which  have  been  affected  by  the  agglulinin 
are  still  scattered  and  ore  begianing  to  collect  to  form  the  typical 
agglutination, 

Thcae  two  hypotheses,  which  were  fonaulated  in  the  beginning 
of  studies  on  agglutination,  could  not  rest  on  a  very  finn  basis  from 
lack  of  sufficient  data.  An  experimental  fact  of  importance  was 
Furnished  by  Kraus  *  Kraus  showed  that  if  the  serum  of  animals 
vaccinated  against  the  cholera  vibrio  is  mixed  with  a  limpid  filtered 
culture  of  thb  organism  a  precipitate  is  formed  in  the  fluid.  This 
reaction  i^  Kijecific  and  docs  not  occur  when  any  other  serum  ts 
used  m  place  of  cholera  serum.  When  this  precipitate  ha-s  been 
fonned  it  soon  coUeeta  in  small  clumps  that  recall  in  appearance 
masses  of  agglutin&tal  l>acteria.  Kraus  also  showed  that  the  same 
result  cGuld  be  obtained  with  other  bacteria  and  their  correspond- 
ing anttsera. 

These  experiments  would  seem  to  corroborate,  a  priori,  the  seconti 
of  the  two  hypotheses  that  we  have  mentioned.  It  would  seem^ 
moreover,  to  invalidate  Gruber'a  hypothesis,  which  recognizes  as 
the  sole  cause  of  agglutination  a  structural  modification  of  the 
affected  cells.  These  experiments  indeed  show  that  a  flaky  pre- 
cipitation resembling  true  agglutination  can  be  formed  by  mixing 
with  serum  a  fluiJ  containing  no  definite  bacteria  but  elmply  the 
materials  of  bacterial  disintegration.  This  fact  of  Kraus'  would 
Beem,  then,  to  rule  out  Gruber's  theory  entirely. 

3.  Nicolle's  hypofh€sis.f^Kn'o\]e  has  a  somewhat  different 
idea.  He  has  confirmed  Kraus'  results  and  agrees  that  the  agglu- 
tinin precipitates  the  agglutinable  (or  agglutinated)  substance 
of  bacteria. (  He  thinks,  moreover,  (hat  this  ngglutinable  sub- 
Btance,  which  in  old  cultures  may  become  diffused  into  the  surround- 
ing fluid,  m  present  in  large  amounts  in  tho  membrane  of  the  outer 

•  Kraus.  K,  K.  Gesellschaft  der  Aertae  in  Wlfn,  April  30,  1S97,  and  Wiener 
kliDieche  Wochen&chrift.  August  12.  lSy7,  No.  32. 

t  AnnaTes  dv  Tln^^titut  Puateur,  Mutcb,  1398. 

I  This  13  TQore  than  a  simple  adapULtion  of  Kraus' erperment;  the  expression 
indicatPSn  perhapa  rather  Imalil^'f  lUtxl  «o  must  consider  tho  gulHtaace  precipilnTed 
Bfl  ibe  ope  wbJch  La  of  importttnce  la  the  a^luliaatioti  uf  b^teria.  the  ^uLialancti 
vbich.  in  oCber  ^ords,  representa  in  bacteria  that  'pari  vthich  is  suKeptilite  tc  the 
agglutinin. 
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Eurface  of  young  an<J  healthy  bacteria.  This  superficial  layer 
includes  the  aubBUncc  that  is  susceptible  to  attack  ami  precipi- 
tation by  the  agglutinin;  when  the  agglutinin  acts,  this  external 
layer  of  the  bacteria  "swclLs  up,  becomes  a^iparcnt  and  sticks  to 
the  external  layer  of  adjacent  bactcna.  Our  opinion  sa  to  the 
intiroato  nature  of  tho  phenomeoon  of  agglutination  is  quite  similar^ 
then,  to  that  ofTcrctI  by  Gnibcr  and  later  defended  by  Roger  \Vc 
believe  that  agglutination  consists  in  the  coagulation  and  coales- 
cence of  the  external  layers  of  the  agglutinablc  bacteria  by  the 
agglutinating  scrum. "  * 

Aa  may  be  seen,  Nicolle  attaches  or  a^lda  on  Kraus'  experiment 
to  Grubcr's  theory,  but  it  is  precisely  this  addition,  on  which  the 
whole  value  of  the  idea  depends,  that  appears  to  us  incomprehcn- 
RJble  and  the  weak  point  in  the  reasoning.  Why  sboukl  a  precipi- 
Ifttion  of  the  agglutinablc  substance  within  tbc  external  layer  of 
the  lactcrium,  which  we  will  not  deny  off  hand,  lead  to  a  swelUng 
and  viifcoaity  which  may  bring  about  the  coalescence  and  junction 
of  the  external  Iiiycrs  of  neigh l»nng  organisms? 

However  this  may  be,  thU  inlcrpretalion,  as  well  as  Oruber*s, 
takes  no  account  of  the  intervention  of  the  physical  laws  of  molec- 
ular  atlhejikm  in  explaining  the  fact.  Nor  does  it  presuppose 
any  relation  between  the  collection  of  certain  chemical  preL'ijn- 
lates  and  bacterial  agglutination,  since  its  explanation  of  the  [ihe- 
nooietion  depends  essentially  on  tlie  presence  of  a  membrane  ainl 
external  layer  or  of  a  ciliated  covering  susceptible  to  swelling  aiid 
stickiness, 

Nicolle  describes  a  rather  curious  experiment  in  his  article.  He 
found  that  the  precipitate  caused  by  the  interaction  of  an  active 
serum  with  a  culture  (iUrate  has  the  property  of  can-yingdown  with 
it^  in  its  clumping,  in9rt  particles  like  talcum  powder  in  the  form  of 
definite  masses.  Although  this  experiment  is  interesiing  we  do 
not  think  it  is  of  any  direct  importance  in  explaining  the  phenome- 
non of  apglulinaiion,  its  resemblance  to  which  is  only  apparent. 
These  particles  of  talcum  that  collect  into  masses  are  drawn  together 
mechanically  and  eollectod  by  a  precipitate  which  is  forming.  To 
aiimit  that  this  nonspecific  phenomenon,  which  resemblra  super- 
liciaUy  true  agglutination,  is  of  importaQcc,  would  be  to  admit 
•  Loc.  gIL,  pa^e  101. 
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that  agglutination  proper  ia  alt^  due  to  the  fonnation  o[  a  pre- 
cipitate auL^iJc  of  the  bacteria  which  retracts  and  bc(;orata  agglu- 
tinatetl  and  thus  presses  together  the  bacteria  ami  Forces  them  to 
unite  and  become  ailherent.  As  a  matter  of  fact  this  i(ba  waa 
alreaily  offcrcil  by  PaJtauf*  before  NicoUes  work.  Dineur  in  a 
recent-  article  has  discussed  this  theory  and  offered  objections  to 
It.  t     ^^  shall  consider  this  hypothesis  in  its  proper  place, 

4.  Pallaufs  hjpnUt^sh. — Aecoriling  to  this  author  the  agglu- 
tination oF  bacteria  is  due  to  their  licing  mechanically  drawn 
together  in  the  interstices  of  a  coftgulum  formetl  outside  of  the  bac- 
teria in  the  surrounding  fluid,  as  a  result  oF  the  reaction  between 
the  agglutinin  and  ihe  agglulinable  substances  from  the  bacteria, 

5.  Dinenr's  hypolhesuji.  —  According  to  Dineur  the  clumping  is 
due  to  the  formation  of  an  a^lhesivo  substance  which  keeps  the 
bacteria  together.  This  adhesive  substance  is  formed  particularly 
on  the  cilia.  As  may  be  seen,  Dineur  attributes  essentijil  import- 
ance in  agglutination  to  the  presence  of  cilia.  Agglutination  would 
be  caused,  then,  by  an  adhesion  and  interlacing  of  these  cilia. 

*** 

We  have  thus  reviewed  in  the  preceding  pages  the  various  in- 
terpretations of  agglutination  that  have  been  proposal,  with  em- 
phasis on  their  exact  significance,  Wc  have,  however,  only  touched 
on  the  experimental  Facts  that  corroborate  or  eliminate  them> 
There  are  already  enough  of  these  facts  to  allow  of  a  discussion 
foundeil  on  adequate  data,  and  it  is  this  consideration  that  we  pro- 
pose to  talce  up. 

Aniimg  Ihe  Interpretations  that  have  been  offered  there  are  some 
which  evidently  are  so  little  in  relation  to  fact  that  they  may  be 
dlsmrsserl  preemp tonally.  For  exariiple,  Dineur's  hypothe*^is  which 
attributes  a  nmxiruurfi  importance  to  the  existence  of  cilia.  Such 
an  opinion  is  evidently  unsatisfactory,  as  aggluti  fiat  ion  may  occur 
with  bacteria  that  have  no  cilia  or  even  with  such  elements  as  rcxl 
bltxxl  cells,  or  particles  of  casein  which  obviously  do  not  possess 
these  appendages.  Dineur,  to  be  sure,  also  emphasizes  the  pnnluc- 
tion  oF  an  adhesive  substance  which  collects  the  bacteria  subjected 

•  Wiener  ktMiischo  WocliCJiaclirifl,  iSflT. 

t  Dineur.  RptlLprcliB9  STjr  le  mi^-o^nhmecjp  rag^lulinntion  du  tAcillfi  typhique. 
BuLletia  do  I'Aciidcmia  dc  Modc^cino  do  ESolgLquc,  1808.  p,  S53. 
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to  the  agglutinin.  In  this  respect  he  Hgrecs  with  Gniber's  inter- 
pretation which  we  shall  curtsider  later, 

Paltauf's  iutLTpn-tatioUj  which  would  explain  the  aggluti nation 
of  bacteria  by  a  retraction  of  a  precipitate  [Kraus)  formiug  in  the 
6uid  and  collecting  bacteria  in  its  own  clumping,  meets  with  grave 
objections.  To  begin  with  Kraus'  phenomenon  of  prceipiiation 
does  not  occur  t-oustantly;  even  when  it  *}qq&  occur  the  precipitate 
is  never  abundant,  an<i  is  formed  so  slowly  that  it  seems  incre-Jiblo 
thai  it  occurs  before  the  rapid  and  energetic  bacterial  agglutination 
and  is,  therefore,  the  cause  of  it.  Moreover  no  one  has  been  able 
to  demonstrate  a  coagulum  about  a^lutinated  bacteria.  Dincur, 
indeed,  has  repeatedly  attemptc^l  to  find  one  unsuccessfully,  and 
he  vory  correctly  states  that  if  there  were  such  a  coagulum  enclose 
hig  the  bacteria  we  might  expect  to  demonstrate  it  since  coagula 
take  basic  colors  us  shown  by  Nicollc. 

Certain  other  observations  may  be  notwl  at  this  point.  Rabbits 
which  have  received  eevcral  intraperitoneal  injections  of  dcfibri- 
natcd  hen  bloo<l  give  a  scrum  which  has  an  agglutinating  and  dis- 
solving power  for  hen  corpuscles.  This  active  scrum  has  still 
another  property,  \\hen  mixed  with  hen  scrum  it  caused  a  pre- 
cipitate Lo  form  in  the  fluid  which  gra^lually  increa^^ca  and  finally 
Hocks  out.  This  property  of  forming  a  precipitate  with  the  causa- 
tive scrum  present  in  the  serum  of  animals  injected  with  this  serum 
wa"*  noted  recently  for  the  first  time  by  Tchistovitch  at  the  Pasteur 
Institut.  Tchistovitch  found  that  the  semm  of  rabbits  which  had 
received  several  injections  of  eel  serum  caused  this  litter  serum  to 
become  cloudy;  he  noted  the  same  occurrence  with  the  scrum  of 
rabbiis  immunized  against  horse  serum  on  mixing  the  two  sera- 
As  Tchistovit^^h  noUnl,  thcf^c  jirecipitates  are  scjluble  in  small 
amounts  of  alkali  (f^>otassiuut,  sodium  cr  ammonia),  as  we  also  found 
to  be  the  case  with  our  rabbit  serum  s|>enric  for  hen  blootl. 

It  would  seem  reasonable  that  these  phenomena  are  similar  to 
Uiose  which  Kraus  noted-  The  sjiecific  serum  from  animals  injected 
with  blood  serum  from  another  animal  causes  an  (tpacity  in  the 
serum  of  the  sfiecies  userl  for  inoculatinn.  St-rum  from  animals  in- 
jected with  bacterial  cultures  cauf^es  an  t)pa<?ity  in  the  culture  fluid 
IB  which  the  organism  used  for  vaccination  has  grown.  The  pre- 
cipitate that  we  have  mentioned  beais  the  same  relation  to  Kraus* 
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precipiLaLe  tbat  Uic  agglulinm  Uiv  n^i  bba]  iiells  docs  to  the 
agglulipin  for  bact.ma,  Jt  mtiy  be  showri  ex  i^eri  men  tally  that 
in  the  case  oF  blood  these  pipcipitales  not  only  are  not  imlispen* 
sable  for  the  oc rurrencf  nF  strong  agglutinatiun  but  have  no  definite 
rf  lation  U\  it.  As  we  have  ala^atly  mentinneil,  the  serum  of  a  rabbit 
that  has  been  repeatetlly  treated  with  hen  hlcod  has  the  property 
of  agglutinating  and  di^olving  hen  corpuscles  and  of  pretri  pita  ting 
hen  serum.  It  also  forms  a  precipitate  with  pigeon  scrunL  We 
therefore  might  expect  that  this  serum  would  also  agglutinate 
pigeon  corpuscles;  as  a  matter  of  fact  it  has  no  more  effect  on  these 
corpuscles  than  docs  normal  rabbit  scrum,  which  when  mixed  with 
hc?n  SLTum  remains  quite  limpid.  A  slight  agglutination,  to  be  sure, 
does  occur  either  with  the  normal  or  specific  rabbit  serum,  but  it 
is  Dot  eo  much  as,  for  example,  the  agglutination  of  rabbit  cor- 
puscles by  normal  ben  serum,  in  which  latter  instance  also  no 
precipitate  occurs.  Gulnea-pigj  which  have  beon  given  several 
injections  of  defibrinated  rabbit  blood  furnish  a  serum  thai  has  a 
very  intense  chiniping  power  for  rabbit  corpuscles,  but  which  pro- 
duces no  clouding  with  rabbit  scrum.  In  other  words  there  is  no 
necessary  parallel  bctwcca  precipitate  formation  and  an  intense 
clumping  power,  and  any  opinion  that  reganls  the  fomiation  of 
5uch  precipitates  as  the  3ine  qua  non  of  agglutination  would  6eem 
to  be  no  longer  tenable. 

Let  us  now  consider  Grubcr'a  hypothesis  which  from  the  very 
beginning  has  been  extremely  open  to  criticism.  U  is  eat^y  enough 
to  conceive  that  a  sticky  substance  coming  from  the  covering  of 
the  bacteria  should  hold  the  micro-organisms  together,  bjt  it  is  not 
so  ea^y  to  understand  why  it  should  bring  these  organiama  together. 
No  evidence  of  the  morphological  modification  which  this  hypolhe- 
fiia  implies  has  been  found  by  I'feiffer  or  ourselves  on  microscopical 
examination  of  citlicr  hving  or  stained  preparations  of  bacteria  or 
red  bltxid  cells.  Trumpp*  thought  that  he  dul  find  an  alteratiou 
in  agglutinated  vibrios,  but  the  bacteria  in  which  he  not^  thia 
sweUinglia.(.l  been  in  fluids  containing  not  only  agglutinin,  but  alexin 
(or  lysin)j  that  is,  the  bacterlciilal  substance  which  i^  destroyed 
by  a  temperature  of  55  degrees.  This  alexin  is  very  destructive 
both  (or  vibrios  and  for  re<l  blood  cells;  it  dissolves  the  latter  and 
*  Aiobir  fUr  Hygiene,  3908. 
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causes  swelling,  granular  transform atioD  and  often  destruction  of 
the  Former  If  he  wiahetl  tostudy  the  effect  of  the  agglutinin  alone, 
Trumpp  evidently  should  have  usetl  fluids  that  had  been  previously 
d<'priv(?cl  of  the  alexin  normally  present*  Red  blood  corpUBclea 
clump&i  by  the  serum  of  an  animal  of  a  different  species  seem  to 
ke<?p  their  normal  appearance;  they  also  remain  nonnal  when  sub- 
jected to  an  active  antiirorjiiiscular  serum  that  ha-s  lieen  |jreviously 
heated  to  55  degrees  and  thus  deprived  of  ius  dit^jlving  alexin  with- 
out losing  its  agglutinin.  It  seems,  moreover,  harlly  reaKsonable 
that  sudi  dilTerent  cells  as  bacteria  and  reiJ  blood  cells  undergo 
the  same  nioiiilieatioiis  when  affected  by  an  active  scrum.  Wien 
we  deal  with  cheniieai  particles  such  us  milk  casein  iasteatl  of  cells 
like  bactf  ria  and  red  bloml  f-eibi,  the  existence  of  a  viscous  change  is 
still  k'i^s  probable.  Andyot  a  serum  may  be  produced  that  "agglu- 
tinates'* milk,  that  is  to  say,  which  elum|3s  particles  of  casein. 

Is  it  reasonable  to  suppose  that  these  particles  become  sticky  or 
viscous  when  affected  by  the  active  serum?  Is  it  to  be  supposed 
that  their  sticking  together  is  due  to  such  a  viscosity?  If  we  agree 
to  this  we  must  suppose  that  particles  of  clay  in  a  liomogeneoua 
aqueous  suspension  are  also  covered  with  a  special  viscous  and 
sticky  coating  when  we  add  a  little  sodium  chloride  to  the  Eiuitl 
in  which  they  are  fiuspended.  As  la  already  known,  the  addition 
of  salt  to  such  a  fine  clay  suspension  causes  tiecks  to  form  which 
settle  to  the  bottom  of  the  tube;  this  is  a  fact  which  interests  geol- 
ogists extrcmdy  as  a  means  of  explaining  seilinicntations. 

The  exIstcncG  of  an  adhesive  Bubstanee,  which  is  the  foundation 
of  both  Gruber's  ami  Dineur's  hypotheses,  seems  to  the  latter  ob- 
server to  be  corroborated  by  a  very  significant  experiment,  Dincur 
haa  noteti  that  if  an  emulsion  of  bacteria  to  which  a  specific  scrum 
has  been  added  is  gently  shaken,  the  clumping  of  the  bactcna 
is  very  much  increased.  Uineur  supposes  that  this  mechanical 
rolhng  of  bacteria  tends  to  bring  them  togethorT  to  interlace  their 
ciha,  and  to  allow  the  sticky  substance  with  which  their  cilia  are 
suppoac<Hy  covered  to  bring  about  final  a<Ihcsion, 

•  The  same  criticiBni  may  be  made  of  the  EUtemGnta  of  Roger  (Revue  g*D*ralc 
de»  Sciences,  ISDO)  conccntini;  the  mHliftcatiua  in  the  oiHium  iilbieaTta  subjcctbd 
to  an  active  twniin.  Kraiis  aud  Seng  ia  a  recent  arlir^lQ  (Wiener  klin.  VVLElieii' 
aclinft^  lKlH>j  fia  1)  Jmve  oflered  the  same  objwliona  lo  liie  experimoats  of 
Trucnpp  and  Rttgcr. 
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The  fact  that  Dineur  has  reporttd  is  exact,  but  its  laterpretation 
does  not  seem  to  be  so.  As  a  matter  of  fact,  the  favorable  effect 
of  motion  may  also  be  noted  in  the  formation  of  fleets  in  inert 
inorganic  precipitates.  If  a  drop  of  serum  is  added  to  5  or  6  c.c. 
of  a  0.1  per  rent  salt  solution  and  nitric  acid  then  abided,  an  albu- 
minoas  opacity  is  formed  which,  if  left  alone,  clumps  ver^'  slowly. 
But  if,  when  the  precipitate  has  been  forrawl,  a  small  amount  of  the 
fluid  ia  poured  into  another  lube  and  this  tube  held  almost  horizon- 
tally and  fiently  agitated,  the  precipitate  is  agglutinated  in  a  few 
momenta  in  small  white  mas&ea  which  float  in  a  clear  fluid.  The 
fluid  which  has  been  left  standing,  however,  remains  homogeneous 
for  a  long  time  and  the  contrast  between  the  two  is  very  atrikingp 
The  same  experiment  may  be  pcrformc<i  with  other  albuminous 
precipitates,  as,  for  example,  with  a  precipitate  formed  by  nitric 
acid  in  whey.  The  phenomenon  lo  which  tHncur  attaches  ao  much 
importance  is  also  distinctly  visible  when  milk  is  agglutinateil  by 
its  specific  serum,  Dineur's  observation,  then,  instead  of  pleatiing 
for  Cjnil>er'.s  theory  offers  a  still  further  analogy  between  the  agglu- 
tination of  bacteria  and  of  inorganic  particles.  But  there  Ls  another 
still  more  significant  analogy. 

We  know  that  the  colleetion  *»f  precipitates  is  frequently  con- 
trolled by  such  apparently  insignificant  causes  as  the  presence  of 
salts  in  solution  in  the  fluid.  A  clear  c:xample  of  this  is  offered 
b^'  clay,  which  forms  a  very  fine  and  homogeneous  emulsion  in 
distilled  water,  but  clumps  and  falls  rapitlly  in  the  tube  if 
placed  in  water  containing  sodium  ehloride.  If  we  believe,  then, 
that  the  agglutination  of  bacteria  de[jends  on  laws  of  molecular 
adhesion,  we  might  supjiose  that  salts  would  have  some  effect  on 
this  phenonenon  as  well:  and  such  intleed  proves  to  be  the  case. 
Several  24-hour  cultures  of  the  cholera  vibrio  are  suspended  in 
sail  solution  (10  c.c.  to  a  culture)  and  to  the  homogeneous  emulsion 
obtainetl  in  this  manner  is  added  a  powerful  agglutinating  dose  of 
cholera  serum.  The  bacteria  soon  form  flecks  which  faU  to  the 
bottom  of  the  tube.  The  tube  is  centrifugalizetl,  the  supernatant 
fluid  removetl,  finil  a  compact  mass  of  agglutinated  bacteria  left 
in  the  bottom  of  the  tube.  These  bacteria  are  then  suspended  in 
water  so  as  to  fonn  a  rather  thick  emubion,  which  h  divided 
in  two  equal  parts  and  placed  in  two  separate  tubes.     To  the  first 
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tubo  1^  adclol  distilled  water  and  to  tho  s^ond  Donn&l  salt  solution. 
Aiter  ablation  these  tubes  are  again  centrifugalized-  It  Is  found  that 
the  bacteria  in  the  tube  containing  salt  eolutioQ  go  to  the  bottom 
much  more  rapidly  than  in  tbe  one  containing  distilled  water. 
Ulipn  they  arc  finally  deposited  the  su|x;rnataQt  fluid  is  removed 
from  each  tube  and  replaced  by  a  second  amount  of  the  same  fluid, 
that  is  to  say,  salt  solution  in  one  and  distiilcd  water  in  the  other. 
The  bacteria  are  then  shaken  up  in  the  fluid.  It  is  found  that 
clumps  form  rapidly  in  Ute  Ud>e  contaimrtg  salt  solution^  but  thai  Hie 
b^icUrid  temaiji  indefinitely  in  suspension  in  the  tube  containing  dis- 
tilled water,  IF  a  small  amount  of  the  cloudy  fluid,  say  10  c.c.,  is 
taken  from  the  second  tube  and  placed  in  a  fre^h  tube  and  to  it 
is  adiled  0,07  grams  of  NaCI»  aggiuliiiation  reappears  and  ike  deposi- 
tion of  bacteria  takes  place* 

The  same  phenomenon  occurs  with  the  cholera  vibrio  and  a 
normal  agglutinating  serum  in  place  of  a  specific  cholera  serum, 
We  noted  three  years  ago  that  normal  horse  serum  agglutinates 
the  cholera  vibrio  and  other  haL'teria  such  as  B,  typhosus,  B.  coli 
and  B.  tetani  very  rjjarkedly.  If  this  lat-t  experiment  is  rei^eatetl 
with  normal  horae  serum  instead  of  the  specific  serum  the  same 
results  are  obtaineil. 

lu  this  latter  case  it  is  not  necessary  to  remove  all  the  traces  of 
NaCl  by  repeated  washing.  The  salt  solution  containing  the 
clumped  bacteria  is  simply  centrifiigalized  and  the  su[)ematant 
fluid  decantetl;  the  deposition  is  then  divided  into  two  parts  and 
placed  in  two  separate  tubes;  one  tube  is  filled  with  distilled  water 
and  the  other  with  salt  solution.  On  agitation  the  agglutination 
recurs  only  in  the  presence  of  salt.f  A  similar  experiment  with 
normal  horse  scrum  and  B,  typhosus  gave  the  same  result. 

*  It  mufit  \k  noted  Lhat  tbia  "reagiicLutiDation"  of  bacterid  on  tbe  odJiUou  of 
ttlt  la  distilled  water  Jo^  not  occur  quite  ao  rapii]]^  as  in  the  tube  id  which  the 
btLcUria  have  rcm&mcd  in  cunUict  nith  ealt  soEutioa.  G8p«;uilly  when  tho  contacb 
will)  iJJj^tilleU  Hater  haa  been  proWgod,  It  i^  probable  that  Ibo  mLcro-orgamema 
must  retain  ^  i?&rlnin  amount  of  aalt  in  orJ^r  toagglutinnle  w^TL 

t  TLc  presence  ^F  un  ogglutiaating  power  ia  serum  has  doubtless  vitiated  nvLaj 
roearcliea  ou  the  b&clcrmL  poncr  of  body  lluiila.  Many  observero.  indeed,  hava 
uvd  Uie  method  o\  Lnoculalins  at  intervals  imall  amotinta  of  a  mixture  of  wruni 
and  bacteria  in  ^datin  in  order  to  determine  the  dcfllruetive  power  of  the  scruni. 
It  ia  quite  poasiblt  ihat  thesfrumiaqutbLioDt  wlieo  tJjt'amcjuntoF  bacterid  Ja  amal I, 
may  so  clump  them  that  each  dump  of  bacteria  will  give  rifle  to  a  aiogEe  colony 
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The  same  results  are  aLw  obtained  if,  instewi  of  bacteria,  Kraua' 
precipitate,  obtmaed  by  mixing  cbolera  serum  with  ao  old  fiJtered 
culture  of  the  vibrios,  is  used.  This  precipitate  is  treated  exactly 
as  described  for  bacteria,  aod  it  is  found  that  it  clumps  verj-  much 
more  markedly  in  fluids  containing  salt  than  in  distilled  water. 

It  may  be  worth  while  to  give  the  results  obtained  by  the  same 
technique  on  the  agglutination  of  a  fine  emukion  of  potter's  clay 
in  dislille<i  water  after  filtering  through  paper.  Tub&i  which  clo  not 
contain  salt  remain  opaque  for  days,  whereas  in  tubes  containing 
0.7  per  cent  salt  solution  there  is  a  very  distinct  agglutination  and 
a  rapid  deposition.  The  resemblance  between  floating  clumps  of 
agglutinated  baclenH  and  the  whitish  flecks  of  L-lay  suspended  in 
salt  solution  and  falling  slowly  to  the  bottom,  is  very  striking. 

These  experiments  on  the  absence  of  agglutination  in  distillfd 
water  are  very  strongly  confirmatory  of  the  idea  that  the  agglutinin 
acts  by  producing  on  isolated  elements  such  changes  in  tlieiT  proper- 
ties of  molecular  adhesion  as  are  sliovm  by  -particks  of  day.  In  each 
case  the  adding  of  aalt  eufBces  to  protluce  the  physical  phenomenon 
of  agglutination  which,  without  it,  is  imposaii^le.  This,  in  our 
opinion,  is  a  confirmation  of  an  hypothesis  that  we  formeriy  offered 
and  have  just  recalled. 

*** 


If  we  conceive  of  the  phenomenon  of  agglutination  in  this  way, 
interesting  generalizations  may  be  drawn,  particularly  in  the  light 
of  the  explanation  that  Duclaux  has  proposed  for  coagulation. 
Wliat,  indeed,  is  agglutination?  It  Is  the  union  into  masses  of  organ- 
ized Bcattererl  particles,  by  some  peculiar  inJiuence  that  changes 

only.    This  technical  piror  la  natarally  of  great  importADce  in  rasfftrcbeaoD  easily 
Ag^lutinablc  bacU-ria  Uke  B.  typhosji. 

It  U  certain  that  real  bactericidal  properties  have  been  preautaed  to  esiat 
wtieu  agglutiTiinH  alone  were  present-  It  ia  aleo  probable  that  at  times  certain 
proponiee  oE  the  agcjlLitinLnB  huve  been  attributed  to  the  alexins.  For  svamplei 
Bucbaer  etat«3  that  aiexiQ  Igeeo  (Is  ^t[vttj>  tci  &  larj^e  ext«at  at  leut.  when  mixed 
wilh  rliHtilled  wnler.  The  presence  of  distilled  waior  might  appareotty  ditniniah 
the  bactericidal  property  of  a  Benim  by  w^^kcniug  ite  agglutioatiag  power  and 
flonsequcntty  by  incrcasiDg  the  rjumber  of  cotoatca  that  grow  oo  g^latla.  Wo 
liave  found  Uiat  alexia  acta  very  well  in  a  medium  with  very  little  BuJt;  vibrioa 
treated  fkith  preveolivc  eenim  and  then  nn&bed  end  suepcndcd  In  6fti.'eQ  parte 
of  dbtillcd  water  may  ahow  granular  transformation  whea  oqu  pwt  oF  normal 
serum  la  added  to  theec  QCieen  parts  of  emulsir>n»  without  any  agglutination. 
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the  properties  of  moWular  atlhesion.  What  ij^  coagulation  accord- 
ing to  Duclaux  ?  It  is  the  uniting  in  groups  of  particles  which  may 
have  been  so  finely  divided  as  to  appear  in  eolulion,  by  some  peculiar 
influence  which  naxiifies  the  molecular  relations  between  the  par- 
ticles and  the  fluid.  Before  tliL*  intervention  of  tliis  influGncc  the 
liquid  remains  homogeneoui^T  but  as  a  result  of  it  '^thestate  of  equi- 
librium between  gravity  and  molecular  forces  is  disturbeil^  either 
because  the  adhesion  between  tlic  fluid  and  the  solid  has  diniiDiehed, 
or,  more  probably,  because  the  attraction  between  the  particles  of 
the  solid  is  increased  so  that  they  unite  into  more  or  less  voluminous 
collections  which  become  visible  to  the  naked  eye  and  are  precipi- 
tated.'^* 

On  account  of  these  changes  of  molecular  adhesionj  particles, 
the  chemical  nature  of  which  may  differ  greatly  in  the  various 
instances  and  which  are  often  so  small  aa  not  Lo  be  mieroscopii^ally 
visible,  collect  into  masses  which  are  still  invisible  to  the  naked 
eyc^  but  wliicb,  by  progressive  clumping,  gratlually  increase  in  size 
axid  render  the  fluid  opaque,  until  by  molecular  condensation  they 
form  more  and  more  voluminous  mosses. 

It  ia  not  cccesaary  to  follow  the  systematic  way  in  which  Duclaux 
has  claborat&l  this  idea,  nor  to  indicate  how  simpUfj'ing  thJa  con* 
ception  is,  combining  as  it  doea  facts  tliat  were  so  Meparatcil  as  to 
appear  unrelated.  Such  a  conception  conoects  agglutination 
with  the  phenomenon  fjf  coagulation,  as  he  conceived  of  it.  The 
agglutination  of  bacteria  is  due  to  a  change  in  molecular  adhesloa 
between  the  bodies  of  the  baciUi  and  the  surroumling  fluid.  As 
Duclaux  expresses  it  this  phenomenon  "as  a  whole  and  in  detail 
recalls  our  observations  and  description  given  in  the  chapter  on  the 
phenomenon  of  coagulation,  "f 

TherefoR',  if^  a-s  Duclaux  affirms,  we  have  the  right  to  regard 
agglutinu,lion  as  a  phenomenon  of  coagulation  and  if  wir  are 
autJiorizeil  in  giving  henceforth  the  active  substance  in  serum  the 
more  suggestive  name  of  "^eoagulin"  insLeati  of  agglutinin,  which 
latter  It-nn  simply  indicates  its  activity  without  any  reference  to 
its  relations  or  cause,  we  may  snp[)or4G  Liiat  the  animal  Iwdy,  owing 
tu  ita  functional  plasticity  and  tbenjuliipiicity  of  its  resources,  would 
bo  able  to  elaborate,  when  nc?eesdary,  active  clumping  principles, 

'  DucIdus:,  TraiU  de  microbiologif,  vol.  2,  p.  203.         f  DucLaux,  Ihi'ti,  p.  706. 
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not  only  against  organised  ti^ik  but  against  such  chemical  sub- 
stances aa  have  been  retogniaetl  as  coagulablc. 

Experiment,  indeed,  justiliea  tliia  .supposition.  If  rabbiLa  are 
given  several  successive  intraptritoncal  injections  of  milk,  pre- 
viously hcata]  to  65  degrees  to  sterilize  it  partially,  after  a  pmpcr 
inter\-al  they  give  a  serum  that  had  s]x?dfic  properties  against  niilk. 

A  eertain  amount  of  this  serum  (for  example  3  c.c,)i  i^  place*!  in 
a  tul>e  ami  ihe  j(ame  amount  oF  normal  rabbit  scrum  is  placwl  in 
another  tube.  To  ca^-h  of  these  tubes  milk  i^  a<lJed  (10  to  15 
drops  for  example).  The  tube  contmning  normal  serum  rcm^na 
opalEseent  and  homogeneous.  In  (he  tulje  c<Hitahiing  active 
serum  stnaU  jmriiclen  rapidly  appear  tfuit  soon  mcreanE  in  size 
and  form  thick  Jleckm.  Tlie  fluid  then  becomes  .separaU^I  into  two 
parts,  one  of  which  \s  quite  limpid  and  the  other  of  which  con- 
tains eluriiped  masses  whicSi  generally  fall  to  the  bottom  of  the 
tube,  leavirig  the  clear  fluid  alyive.  Thta  seilinienLation  goes  on 
better  if  miik  that  contains  little  fat  or,  better  still,  milk  that  has 
been  passwl  two  or  three  times  through  filler  pa[jGr  and  so  deprived 
of  part  of  its  fat  globules,  is  used.*  If  milk  containing  a  gMo<l  deal 
of  fat  is  used,  the  clumps  may  float  to  the  top  carried  up  by  the 
fat  corpuscles  that  they  have  enciosoil- 

If  these  mixtures  of  milk  with  normal  serum  or  with  "  Uetoserum" 
are  passed  through  a  filter  paper,  t!ie  latter  mJiciurG  filters  quite 
clear  without  any  of  the  whitish  opacity  which  milk  protluces;  the 
mixturo  containing  normal  serum  remains  cloudy  after  filtration. 

Microscopical  examinations  of  tha^^o  mixtures  of  iuUk  with  sera 
show  that  the  lactoscrum  causes  the  fonnation  of  abundant  granu- 
lar ma^si-s  that  do  not  occur  in  mixtures  with  normal  scrum.  This 
granular  precipitate  resembles  the  clots  of  casein  fonnetl  by  rcnnin.t 

•  The  experiment  is  more  Htriking  if  filtered  milk  of  tliifl  sort  is  iiaoi-  Such 
milk  dCM>&  not  filipk  to  g Iasb  Itiat  i(  touclies.  and  rooilors  tbe  fluid  lesa  oprnque,  w> 
tbal  the  a^lutination  may  bf  more  readily  catimalcd- 

r  We  do  not  wiflhHtnll  Loaisvrl  T.hat  Lheogglniinin  of  J:Lrtnsi?rum  is  identical  in 
action  witb  rcnnin.  TU^rv  are  cJiijlLucL  diHerontcf  between  Uiese  two  aiibflUQces. 
The  action  of  the  o^Iutinin  iamuch  Ic^  drp<  ndent  on  a  suitable  tcmperaturt  thaQ 
ifl  rcumo;  a.A  a  matltr  of  fact,  it  ariaiLt  &  tprnppmture  ho  low  tlukL  remiin  i»almt«t 
iiuctLve.  Nor  does  our  eerum  have  t\\i*  property  of  clottrtig  relatively  eaormoua 
quantities  of  casein.  siS  doea  reuiimr  Morcever.  in  a  mixtiire  coataining  a  large 
amount  of  nrrmni  si^rum  axMl  a  s^mall  nmnunl  fkf  milk,  rennin  hjig  slightly,  aay 
eE^ect,  whereas  under  tbese  eonditior^  oggLulinatioa  appoarv  on  addition  of 
laclcflcrum. 
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Certain  oF  thew  clumps  arc  composeil  entirely  of  a  fine  granular 
precipitate,  and  othere  em.'lose  a  Inrge  number  of  fat  globules  in 
their  miilst.  If  a  little  more  milk  than  can  bt  agglutinated  is  added 
to  lactosenim.  there  m  nevertheless  an  abundant  deposit  of  the 
agglutinated  substance  forme^i.  After  the  deposition  of  all  the 
clumps,  even  to  the  smallest  ones,  the  supernatant  fluid  is  found  to 
be  quite  limpid.  ^Mion  taken  off  and  mixed  with  normal  serum 
this  supernatant  fluid  give?>  no  opacity.  If  added  to  iactoserum, 
however,  it  causes  a  slight  cloud  which  soon  increases  and 
is  followed  by  flecks  which  form  a  considerable  deposit.  In  other 
words,  the  Iactoserum  ho:^  clampeil  casein  th&t  was  in  so  fine  a  state 
of  division  that  it  did  not  render  the  hquid  turbid,  and  that  had 
escaped  the  agglutinatiog  aetion  of  the  first  insuMcient  dose  oF 
active  scrum. 

A  similar  experiment  may  be  performed  in  the  foUowiog  manner: 
as  we  have  already  stated,  Doniial  scrum  containing  milk  (for 
example,  4  c.c,  of  scrum  to  ten  drops  of  milk)  paf^cs  through  filter 
paper  as  an  opaque  fluid.  If  the  hllration  ia  repeated  a  number  of 
times  through  the  same  paper,  a  much  clearer  fluid,  which  is  only 
almost  imperceptibly  opalescent,  i^  finally  obtained.  On  micro- 
scopic examination  thiy  fluid  contains  vcr>'  few  fat  globules  and 
nothing  el^nc.  If  a  small  amount  of  thi^  h  mixed  with  equal  parl^ 
of  normal  acrum,  nothing  happens.  When  mix«l  with  Iactoserum 
in  equal  parts  the  fluid  that  was  at  firest  transparent  immediately 
becomes  turbiil.  and  rather  voluminous  white  masses  of  casein 
form,  which,  microscopicaUy>  are  granular  cljmps,  identical  with 
those  formctl  by  rennin. 

Similar  precipitates  may  also  be  formed  with  whey  produced 
by  adding  rennin  to  milk.  This  whpy  when  fillereil  i^  faintly 
opalescent  and  causes  no  turbidity  with  norrnaJ  serum ;  when  added 
to  Iactoserum  It  causes  a  very  distinct  turbidity  which  soon  settles 
down  in  the  form  of  flecks.  It  is  well  known  that  whey  fitill  con- 
tains casein  which  has  esca|jei.l  the  effect  of  the  rennin,  but  which 
gives  a  vnlmninous  precipitate  on  atldition  of  an  acid. 

*** 
Are  there  no  analogies  to  be  drawn  between  the  appearance  of 
flaky  precipitates  in  limpid  fluids  containing  sufficient  casein  to 
render  them  faintly  opalescent  when  Iactoserum  is  added,  and  the 


THE  MECHANISM  OF  AGGLUTINATION. 


1S7 


precipitates  producpti  on  mixing  two  sera  under  tlie  conditions 
alreadv  described?  Our  yjMM^ifit*  serum  from  a  rabbit  inject*iJ  wUli 
hen  blood  causes  an  abiindaat  precipitate  with  hen  serum.  May 
we  not  assume  in  this  case,  too»  that  the  active  serum  collects  molec* 
ular  groups  which  have  previously  remjuned  scatteretl  and  disso- 
ciated to  such  an  extent  that  thoy  did  not  cloud  the  limpid  fluid? 
The  precipitate  produced  in  such  mixtures  of  sera  would  seem  to 
be  causeii  by  a  phenomenon  of  agglutination  *  or.  if  preferre<i,  of 
coagulation^  for  we  are  at  a  loss  to  know  which  of  the  two  terms 
to  use. 

May  we  not  also  draw  an  analog  between  the  appearance  of  these 
precipitates  and  the  agglutination  of  bacteria  or  of  red  blood  cells 
which  is  nothing  more  than  the  collecting  into  voluminous  ma^ca 
of  separate  defined  cells?  The  only  point  of  difference  between 
the  phenomena  in  question  is  that  in  certain  of  them  the  aji^luti- 
nable  particles  arc  so  small  and  separate  that  before  being  collected 
they  fail  toaffect  the  limpidity  of  the  liquid;  in  ccrtwa  other  caaes, 
as  with  bacteria  or  corpuscles,  they  arc  sufficiently  large  to  pro- 
duce a  visible  cloud  before  being  clumped. 

But  this  variation  in  size  of  the  particles  concerned  is  only  an 
acccs3or>'  fact  which,  in  our  opinion,  certainly  does  not  affect  the 
essentials  of  the  phenomena  themselves,  Such  a  distinction  is  only 
Bccondary  and  cannot  in  the  least  alTect  the  concluaion  tltat  there  is 
710  frnidameniol  dlffereme  between  the  phenomena  cf  agglutination  and 
cj  coagulation.  For  example,  the  coagulation  of  clay  is  cloaely 
alLed  to  the  coagulation  of  milk,  according  to  Duolaux's  ideas. 
It  h,  moreover,  closely  related  to  the  agglutination  of  bacteria^  os 
is  shown  by  the  effect  of  aodium  chloride;  and  further,  the  agglu- 
tination of  bacteria  resembles  the  coagulation  of  milk,  as  we  learn 
from  the  cKperiinent  with  agglutinating  lactoserum.  which  proiiuciifl 
coagulation  similar  to  that  caused  by  a  mixture  of  normal  serum  and 

*  Tltc  foltowia;;  fact  ccnTobanktcfl  thiH  pciat  of  view.  The  specilic  properly 
of  tbc  active  rubLit  scrun)  that  pruduc&H  a  precipitate  wJth  hcQ  serum  U  weakened 
CD  healiag  li>65  degrees  for  half  nn  hour;  i<  is  de^iroyed  on  hcflling  ffir  the  aame 
length  of  time  to  70  ik^grcos.  On  heating  to  65  degrees  or,  still  inore  so.  by  healing 
to  70  ilegrct^  tlio  eeruQi  ulso  Icuui  to  u,  ^r^t  c?;li^nt  ila  a^lutiuating  poller  far 
hen  corpiiacle^.  Id  oltier  words,  ihe  pnvipilating  Eubstanrc  is  iiffected  by  hesit 
Id  the  autne  way  ns  ia  the  a^glutioiti.  The  prceipitublc  Eubalanec  ot  hen  Kmm, 
on  the  coEilraryn  r©*iats  heatia^  to  75  deerew  for  half  ao  hour,  as  ia  shown  by  it« 
lorming  a  precipilstG  when  added  io  active  rabbit  Krum. 


158 


STUDIES  IN  IMMUNTTY. 


antiserum.  This  specific  precipitating  scrmn,  moreover,  b  pro- 
duced by  treating  animals  much  in  the  same  way  as  to  produce 
aggliitinafing  srra  for  bacteria.  There  are  numcxous  evidentes  of 
-sirnilarity  between  thpse  Lliffereiit  phenomer^a,  so  that  one  bi  forced 
to  aceept  a  single  general  ex|>lanation  fur  tbcni  all,  and  to  attribute 
the occurrtrnce  of  agglutination  to  changes  in  molecular  adhesion. 

If  we  were  to  choose  the  specific  agglutination  of  bficteria  as  an 
example  of  these  phenomena  we  might  say  that  the  agglutinin  which 
unites  with  the  l>acteria  acts  by  mollifying  the  relations  of  molecular 
attraction  l>oth  between  the  individual  bacterial  particles  and 
between  these  particles  and  the  surrounding  fluid.  The  agglutinin 
affects  only  a  certain  definite  bacterial  species.  Dnring  the  first 
period  of  afjghiiivMum  the  individual  conxHtution  of  the  bacteria 
in  questiOTi  in  much  in  tunderice.  It  is,  perhaps,  essential  that  bac- 
teria, in  order  to  be  affected  by  an  agglutinin,  should  be  suffi- 
ciently intact^  as  would  seem  indkal^  by  certain  of  Malvoz's* 
experiments. 

But  as  soon  as  the  change  in  molecular  adhesion  has  been  produced 
the  baot^Ha  collect  as  do  inorganic  particles.  It  is  not  necessary  to 
imagine  that  their  structure  ha^  anything  to  do  with  it;  nor  to  think 
that  the  bacteria  must  stick  to  one  another  as  a  labt4  sticks  to  a 
bottle,  by  means  of  some  peculiar  adhesive  substance  which  covers 
theeiUaT  or  owing  to  a  swollen  outer  membrane.  This  phenomenon 
of  the  collection  of  particles  by  means  of  some  influence  which 
clianges  their  molecular  attraction  should  by  definiiion  be  placed 
among  the  phenomena  of  coagulation  as  Duclaux  has  described 
them* 

From  tills  standpoint  then  the  phenomenon  of  agglutination  is 
divided  into  tivo  distinct  pfia^-^.  In  the  first  phaac  the  scattered 
bacteria  arc  affected  by  the  agglutinin  aotl  absorb  it.  Thia  causes 
modifications  in  their  properties  of  molecular  a/lliG^ion.  The 
existence  of  these  moditications  during  the  second  phase  brin^ 
about  agglutination  properly  nspeaking. 

This  divjj^ion  into  two  pcrials  i;*  neither  artificial  nor  imaginary, 
Tltc&c  tvjo  phases  may  indeed  be  ficparatcd  and  (he  first  be  brQUijkt  about 
uitkout  the  second.    The  experiment  already  mentioned  that  shows 

*  Recherche  aur  ragglutiuutioii  du  bocille  typliique,  AnnalaB  de  I'loslitat 
Pasteur.  July,  1897 
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the  fonction  of  sodium  chloride  docs  this  very  Ihing.  The  bac- 
teria that  we  washed  aod  suspended  iu  distilied  water  had  been 
afffcted  by  the  agglutinin.  They  are  iramobiUaed  and  are  ready 
to  be  agglutinated  energetically*  But  to  bring  about  the  second 
phase  of  the  phenomenon  or  agglutination,  properly  speaking,  a  httle 
salt  mu>t  tie  adileil  to  the  emulsion. 

As  far  as  Kraus'  phenomenon  is  concerned  we  are  as  yet  in  no 
position  to  iiiterjjret  it.  Tt  is  by  no  ineans  demons trateii  that 
Kraus'  preeipitoles  have  anything  Uj  do  wi(h  the  real  agghiti nation 
of  baeteria^it  may  be  that  this  precipitate  is  similar  to  that,  obtained 
in  a  mixture  of  defibrinati?il  hen  UoinI  and  s[it'cific  rabbit  serum 
(that  is,  serum  Troni  a  rabbit  injeetwl  with  hen  bh>od),  whirh  appar- 
ently has  no  relation  to  the  agglutiimtion  of  the  coqiusrles  them- 
selves. But  if  Kraus'  precipitate  is  formed  from  the  agglutinable 
substance  of  baeloria  it  seems  to  us  that  we  must  compare  it,  frtim 
the  standpoint  of  its  formation,  with  the  casein  precipitates  whieh 
lactoserum  proiluces  with  whey,  in  which  instance  the  substance 
is  po  finely  divided  as  not  to  disturb  the  limpiflity  of  the  fiuid.  In 
other  words  this  precipitation  would  resemble  the  agglutination 
of  bacterial  substances  in  a  fineiv  dividetl  £tate. 


«  * 


Tlie  idea  that  the  aggJtiti  nation  of  cells,  corpuscles,  bacteria  or 
iion-Jifferentiatetl  particles  like  casein  has  the  characterijitics  of  a 
phetjoiuenon  of  coagulation  nii^it  suggest  certain  obser\'alions  on 
the  significance  of  the  active  properties  of  st?rum.  Let  us  enumerate 
briefly,  without  repeating  the  observations  that  we  have  formerly 
made,  the  essential  properties  which  we  have  found  in  specific  sera 
by  experiments  perfomiei.1  in  vitro.  To  be  more  exact  we  shall 
consider  the  two  sera  which  wo  used  as  typical,  that  is  r holoni  scrum, 
and  a  serum  active  against  rabbit  corpuscles  obtained  by  injecting 
guinea-pigs  with  rabbit  blood.  These  sera,  as  we  have  recently 
pointed  out^  have  similar  propertic^s  which  areas  follows: 

1-  Both  sera  agglutinate  cellular  elements  and  suppress  their 
roolilily  if  they  have  any. 

2.  When  either  the  vibrios  or  the  corpuscles  have  been  in  con- 
tact with  their  respective  serum  thoy  are  more  susceptible  to  the 

*  We  may  also  iidd  that  iLcj  Lave  become  very  aiiaceptibte  to  the  eflect  of 
alexin. 


m] 


BTUDIEa  IN   IMMUNITY. 


dostniptlve  effett  of  alexin.  This  alexin  or  lysin  is  the  hactfriculal 
or  gktbulicitlai  substance  that  is  destroyel  at  55  liegrees,  and  affects 
certain  dGli<!ate  cells  as  a  sort  of  digesting  diastase.  The  specific 
properlips  of  these  sera  resist  healing  to  55  dL'^rces  cr  60  degrees. 

3,  The  sera  when  iresh  contain  alexin;  and  It  k  due  to  the 
presence  of  this  substance  that  they  are  able  to  alter  profoundly 
or  to  eause  ])artlal  dissolution  of  those  cells  which  they  sensitize. 

If  we  wore  to  enumerate  the  really  essential  properties  of  these 
sera  we  might  eliminate  the  third,  namely  the  possession  of  alexin, 
as  this  Kubst&nce  is  also  present  in  the  serum  of  normal  aniniEls. 
After  destroying  this  alexin  in  the  specific  serum  by  heating  it  to 
55  degrees  and  so  removing  it*;  bactericidal  or  globulicidal  power, 
the  power  may  be  restored  by  the  addition  of  a  small  amount  of 
normal  serum  which  contains  alexin," 

There  remain  then  two  other  propertiesj  which,  to  be  sure,  occur 
in  normal  sera  to  a  slight  extent,  but  may  be  considered  as  charac- 
teristic of  the  serum  of  vaccinated  animals. 

We  shall  not  consider  here  the  question  aa  to  whether  these  two 
propcrtitB  are  due  to  two  distinct  substances  or  are  to  be  attributed 
to  the  action  of  one  and  the  same  substance,  reserving  such  dis- 
cussion for  another  time.  In  all  events  the  most  remarkable  of 
the5c  two  properties  is  the  eengitizing  of  cella  to  the  action  of  the 
alexin,  When  we  say  that  there  exista  in  specific  sera  a  sensitizing 
substance  {subxtancc  sensihlisalTice)  it  implies  that  these  sera  act 
directly  on  the  cells,  Indeoil  this  sensitizing  subsitanec  has  a  par- 
ticular predilection  for  fixing  iteclf  on  those  cells  which  it  affccta. 

When  cholera  vibrios  are  placed  in  a  suitable  amount  of  (luid 
containing  cholera  scrum  they  absorb  its  active  principles.  After 
centrifugaliaing  and  decanting  the  clear  supernatant  fluid  ia  found 
to  have  lost  both  its  agglutinating  power  and  its  power  of  sen- 
eitiaing  new  bacteria  to  the  action  of  the  alexin.  In  other  words, 
new  vibrios,  when  plac&l  in  contact  with  thb  fluid,  arc  not  immo- 
bilized or  agglutinated  and  may  be  injected  ivlo  the  perUoTteol  cavity 
of  a  tjuinea-pig  or  mixed  im'tk  n(rrmal  gyinea-pig  sentm  in  tiira  wUk- 
out  showing  granular  tranKjonnation.  The  same  phenomenon  of 
abstfrption  or  fixation  occurs  if  the  vibrios  are  ciiltivateil  in  Ix'millon 

*  The  detaila  of  these  expcrinicats  for  the  cholera  vibrio  wiU  be  fouad  in  tbo 
arlEcle  b«giai)i;ig  page  50,  aud  ior  the  red  blootJ  L'elle  iu  Lbe  tuticlo  on  page  131. 
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to  which  a  moderatG  amouat  of  cholera  sprum  has  been  afidecl. 
The  bacteria  in  their  development  remove  ail  tfie  partindar  proper- 
tits  from  the  fluid  *  The  same  facta  hold  for  sera  active  agmnst 
rci.)  blood  cells.  When  red  blocd  cells  arc  placed  in  contact  with 
their  specific  serum  they  absorb  both  tbe  agglutinating  substance 
and  the  sensituirg  aubstancet-  The  Remm  separated  by  centrifu- 
galiaing  such  a  mixture  is  inactive  for  fresh  corpuscles.  It  may 
also  be  added  that  the  agglutinins  of  normal  sera  are  likewise  ab- 
sorbed by  corpuscles  or  bacteria-t  This  all  indicates  that  animals 
during  vaceinaJion  are  to  be  distinguished,  not  by  the  elaboration 
of  large  amounts  of  the  "disaohing  diastase"  or  alexin,  but  hy 
formation  of  those  subdanccs  which  favor  the  action  ofUtese  diaalofies, 
that  is,  of  principles  which  unite  with  the  cells  and  sensLtize  them 
to  the  effect  nfthis  alexin, 

•  Thia  reault  completely  coTitradict3  the  facta  observed  by  Pfciffer,  who  per- 
fonaed  tWis  last  eiperijntnt.  {t'eniralblutt  Tijr  Bakt,,  1S90,)  PfeifTer  found 
that  llio  ogghiiinm  v-e»  nhsorhcd  und^nhese  coitdlt.ions,  bul  stated  iLot  the  Huid 
in  which  t>acIcri]L  had  gronn  elill  rptaiocU  tbc  prupcrty  of  cau&iiu;  a  ^^ranuJar 
Imna^ornmtioa  when  injccteJ  with  uew  vibrios  iiilo  the  pexUoneiil  cavUy  uf  a 
nnnnal  gviinpii-pig  P1eifT&r'»  roncliuion  that  aclivo  ftcra  dn  not  act  on  bacteria 
ID  the  eaiae  nuiaii^r  in  vitro  as  they  do  in  tho  pcfitODcol  (^vity  is  c^rroceaua.  The 
ciTect  in  vjvu  and  in  viUo  a  pi^ciedy  the  audit.  ExperimEab  ahows  us  tluit  tho 
tmolifsl  cmrt'ifit  nf  rlmhrti  Knim  navusanj  fo  caiae  granular  Irantjormation  0/  a 
given  done  of  vibnoa  ia  the  aame  whether  Ihc  trant/ormation  takes  plttcc  f>y  rnean*  of 
ihc  alexin  in  the  periipncal  ravity,  or  in  tiiio  va  Oie  aditititm  *■/  the  alexin  of  nunnal 
tenon.  'Th\s  miaimal  destrif!live  doae  for  vJbnoa  is  very  similar  to  the  muiimal 
■gglutiimtme  dosf-,  tw  wo  shall  consider  prc&ODt[y. 

t  It  must  be  noted  tliat  EbrlJch  (Collected  Sludles  on  loimmiity,  EhdJcb- 
Bolduan,  Tl'ifcy  &  Co..  page  1)  has  rwently  noted  llinl  hemolytic serimexhauBied 
hy  eoataet  (vith  ita  specific  corpusclea  do  longer  forms  a  disBolving  mixture  For 
Hen  corpuacleg  ou  llie  Addition  uf  nornuil  i^eruai. 

i  ^^9 should  like  to  nu^ntiaa  tirienyn  c^urtuiia  fxperiment  which,  strictly  speah- 
ing,  is  rttihcr  irrtrlevact.  If  a  given  dc«e  of  normal  ecrum  with  strong  o^luti- 
aadng  property  for  diolem  vibrios  (norniHl  liurse  wrum}  is  plor-ixJ  nith  tLci^ 
vibrios  o^luti nation  takes  place,  tf  the  miitUTC  is  then  cent rifugaEiEpd and  the 
ekuT  BupcTELatant  Quifl  tnken  off.  it  ia  found  thul  it  no  longer  oggluUmLtc^  cholera 
vihrios,  Liiit  elill  doeso^luliimle  tlie  typhoid  L)acinua,  Co nvtracly,  normal  horao 
serum  fniie<{  with  lyphoij  bacilli  leaves  il  ^iupernslnnt  fluid  aft^^r  sgglutlnation 
and  centrifugu-liEation  that  no  longer  uf^lutinati?s  the  typhoid  bacillus,  but  btiil 
BSglii^i'idte*  tho  clioLra  vibrio-  It  sttuis  certain^  tliea,  tliat  there  we  IwoUialinct 
aggliilinins,  one  for  cnch  of  Iheea  micr<y<irgaiiisms,  in  tho  same  aenitn.  Such 
cxperiEiiE^alfi  tnoy  one  day  throw  tight  oa  the  obscure  quearioa  of  the  origin  of  the 
epeci&rity  of  nctivt  properlicA  in  ccruin.  Tt  is  quite  conceivable  that  vaccination 
vUh  a  ^ven  l^ctcriiiin  may  muse  tho  prodnctioa  of  %  large  amoiiDt  of  aa  A|:gliK 
tinin  which  has  abcady  existed  in  Hmall  amounta. 
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Il  is  owing  to  the  presence  of  these  facilitating  substances  that 
the  sera  of  vaccinated  animals  can  pnxluee  marked  o\']tletice  of 
digestion  if  the  cells  affected  are  not  too  resistant,  as,  unfortunately, 
is  the  case  with  many  bacteria  *  We  may  consider  such  sera,  then, 
as  analogous  to  digestive  seurelions. 

This  analogy  between  the  properties  of  active  sera  aod  digestive 
accretions  is  sliil  more  c%ndent  when  we  coodder  that  the  active 
substances  in  scrum  arise  in  the  digestive  cells  that  MetuhnikoPf 
demonstrated  i  the  function  in  immunity  of  such  cells  is  very  im- 
portant and,  in  the  courec  of  evolution,  they  become  identified  with 
those  aincb(»id  cells  which,  in  eimple  organii=nis,  arc  able  to  assure 
the  nutrition  of  the  individual,  owing  to  their  intraccLulardigcstivc 
functiona.  It  13  fuch  celts  that,  as  Metchnikoff  ho^  found,  take 
up  the  function  of  digestion  in  alightly  differentiated  species.  What 
is  more»  such  ameboid  cells  represent  the  origin  of  our  diga-tive 
apparatus,  for,  as  MetchnikofT  has  shown,  digestion,  which  at  first 
is  only  intracellular,  becomes,  in  the  course  of  evolution,  extracellu- 
lar, as  these  cells  acquire  the  property  of  excreting  their  dissolving 
juices.  Thesourccof  the  agglutinins  and  the  sensitizing  substances 
is  not,  to  be  sure,  well  defined,  but,  as  far  a^  the  alexin  or  dissoh-ing 
principle  la  concerned,  wc  know  from  numerous  observations  that 
it  is  of  leueocytic  origin. 

In  the  present  state  of  our  knowletlge  of  this  3s  yet  obscure 
subject  wc  do  not  wish  lo  rttate  too  dogmatically  such  fnc.is  as  occur 
to  us  a^  correlated.  There  are  at  lea:>t  imjHjrtant  characteristics 
which  suggest  the  relation  of  active  sera  to  digestive  juices,  and 
the  analogy  wouki  be  cx|ilicable  if,  as  numerous  facts  and  supposi- 
tions rcmlcr  it  pmbable,  we  were  lo  attribute  the  elnboration  of 
these  active  sul>itanecs  to  ihf  [ifiagocyli^,  iti  other  worls,  to  that 
group  of  eelLs  endowed  with  digestive  properties  which  are  retained 
during  evolulion. 

If  future  facts  point  fn  the  same  conclusions,  we  shall  finally 
regard  immunity,  not  only  from  the  biological  standpoiot,  as  we  do 
at  the  present  moment,  but  also  from  the  chemical  standpoint,  as  an 
instance  of  the  physiology  of  digestion. 

*  Ab  ^v  kcuw,  tEie  t^pLoid  bacillus  and  the  coIqe  baciUue  sbow  oa\y  etjght 
f  mnular  tmiiFtfomnaLion  in  tbf?  pr^sencG  of  an  flcliveserun].  Uiiny  cth^  baftfs^ 
ar*y  Btill  Ids  Gufici-ptiblo  to  bactDTicidal  proportioe. 


THE  MECHAKISH  OF   AGGLDTl  NATION. 


163 


CoNCLirsiONS. 


T.  Tbeones  that  explain  bact-crial  agglutination  by  a  swelling 
and  viscosity  either  of  the  membranes  or  cilia  of  the  bacteria  meet 
with  numerous  objectinns  and  do  not-  serve  to  o^plain  all  the  |»he- 
nomena  of  agglutination.  The  theory  that  regar<lj^  iht?  forma- 
tion of  a  preeipitate  in  tht?  fluid  as  the  cause  of  agglulination  is  open 
to  the  Fame  objections. 

II.  Agglutination  may  affect  such  different  elements  as  red 
biooil  Ci>r|>Lii!icle:4.  bacteria,  anil  casein.  In  all  these  instances  of 
agglutination  by  scnmi  the  same  explanation  must  be  accepted. 

III.  We  may  conclude  that  the  agglutinins  by  uniting  with  the 
ag^utinable  substances  lead  to  changes  in  molecular  attraction 
between  the  elements  affected,  either  as  among  Ihcmsclvca  or  as 
between  them  and  the  surroimding  fluid.  The  entire  phenomenon 
of  agglutination  should  be  divided  into  two  phages,  of  which  the 
first  may  be  experimentally  produced  without  the  second.  The 
first  is  a  period  during  which  the  isolated  elements  are  affected  by 
the  agglutinin,  and  the  second  a  period  of  agglutination,  properly 
speaking.  The  in<lLvidiiality  of  the  elements  afTectcl  counts  only 
in  the  fet  phase.  During  the  second  phase,  cells  in  obeilicnce  to 
molecular  attraction  show,  in  their  agglutination,  only  such  pecul- 
iarities a£  occur  in  the  clumping  of  mineral  particles. 

JVh  The  phenomena  of  agglutination  resemble  the  phenomena 
of  coagulation  verj'  closely. 

V,  The  phenomena  of  true  agglutination  may  be  brought 
about  in  limpid  fluids  in  which  the  particles  are  extremely  finely 
divided. 

VI,  Active  sera  may  be  eomparmJ  with  digestive  juieea  in  respect 
to  their  e<^aguktmg  and  dissolving  properties.  It  would  seem  as 
if  immunity  would  eome  to  be  regarded  more  and  more  from  a 
chemical  standpoint  as  an  instance  of  the  phy^^iology  of  digestion, 

VII,  As  was  previoasly  stated  in  an  ariicle  on  sera  active  against 
Wood  corpujiclos,  the  pro<Iuction  nf  bacteriolytic  substances  in 
animals  during  the  course  of  vaeemalion  cannot  he  regarded  tele- 
ologieally,    Tlio  animal  body  does  not  form  these  harmful  sub- 
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stances  for  the  purpose  of  defending  itself^  but  simply  puts  into 
action  preexisting  functional  capacities  that,  under  proper  condi- 
tionsj  might  act  on  such  innocuous  substances  as  red  blood  cells  or 
milk  casein,  as  well  as  bacteria.  The  s[>eclal  properties  that  are 
found  in  the  sera  of  vaccinated  animals  are  present  in  a  primitive 
form  in  normal  sera.  This  fact  probably  has  a  distinct  bearing  on 
the  specific  nature  of  these  substances  in  immune  sera. 


VIII.    THE  AGGLUTINATION  AND  DISSOLUTION  OF  RED 
BLOOD  CELLS  BY  SERUM.*     (SECOND  MEMOIR.) 

Bt    UR,   JULES   BORDET. 

In  tlic  present  article  we  shall  offer  cert^n  facts  in  addition  to 
those  recenlly  published. f  In  our  preceding  memoir  we  enum- 
erated the  prof>erties  fouod  in  serum  of  guinea-pigs  that  have 
receive<l  several  lajot^Lions  of  defibrinated  rabbit  blood  and  we  in- 
sisted on  the  olose  analogy  between  the  properties  of  such  a  scrum 
and  tlioMe  of  an  anliTiiicrobial  serum  like  cholera  serurii. 

We  shall  now  cttnsider,  firat,  whether  the  celliilidilal  property  Is 
the  sole  characteristic  of  antiheiiialic  sera  or  whether  there  are, 
in  a^ldidon,  certain  antitoxic  properties.  We  shall  iheu  endeavor 
to  draw  a  still  further  comparison  between  antiheraatic  sera  and 
antimicrobial  sera.  For  example,  we  shall  eonsi([er  whether  an 
antihemalic  scmm  injertetl  into  a  nonnal  animal  endows  its  fluids 
with  a  cellulicidal  property,  for  we  know  that  the  injection  of  cholera 
gerum  into  an  animal  gives  rise  in  the  serum  of  the  recipient  to  ati 
intense  bactericidal  power. 

A  comparison  must  bo  drawn  between  the  important  properties 
of  these  different  sera.  It  does  not  suffice  stniply  to  compare  anti- 
hematic  sera  with  antiniicmbjfll  sera.  We  must  still  further  con- 
Bider  whether  normal  sera  and  specific  sera  have  any  characters 
in  common,  and  whether  the  active  properties  which  develop  and 
are  speciahzed  as  a  result  of  immunizing  injections  are  present  in 
a  primitive  form  in  normal  animals.  It  l?  alrea<ly  known  that  the 
niajorily  of  normal  sera  have  a  faculty  of  agglutinating  and  destroy- 
ing alien  red  blood  cells  and  also  certain  bacteria  in  some  degree. 
These  evident  analogies  must  lie  carefully  outlined. 

•  Agglutinaiion  t^t  dissolution  des  globules  rouges  par  le  rfrum.    ADnales  dc 
riDfititut  Faeteur,  lU^,  XllI,  p,  273, 
t  See  ATtJcle,  page  134. 
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Thk  Proprrtiks  of  ANTTHKMArrc  Sera. 

Tbe  active  serum  used  in  our  pre\ious  work  was  furnished  by 
guinea-pigs  that  bad  received  several  injections  of  defibrinated 
rabbit  blood,  Tliis  serum  haa  a  harmful  effect  on  rabbit  corpuscles 
In  that  it  agglutinates  them  and  brings  about  their  dissolution. 
Jn  other  words,  it  attacks  the  identical  cells  which  have  been  used 
to  inject  the  animals  that  have  furnished  the  serum. 

But  it  might  well  be  imagined  that  suph  a  serum  also  possesses 
"defensive  properties"  in  addition  to  "attacking  properties/' 

Let  us  consider,  fur  example,  the  serum  of  a  rabbit  that  has  been 
iDJeetcd  with  nomial  hen  blood.  Normal  hen  serum  has  the 
property  of  agglutinating  and  dissolving  rabbit  corpuscles.  It  may 
wdi  be,  then,  that  the  rabbit  that  haa  been  *Waccinated"  against 
hen  blooil  should  furnish  a  scrum  that  is  able,  not  only  to  attack 
hen  red  blood  corpuscles  energetically,  but  also  to  defend  rabbit 
corpuscles  against  the  harmful  effect  of  hen  serum,  In  other  words> 
our  active  serum  might  be  endowed  to  a  cettain  extent  with  anti- 
toxic properties  in  addition  to  the  antihcmatic  property,  which 
is  comparable  to  the  antibactcricidal  property  of  cholera  serum; 
in  such  a  ca,'^e  the  toxin  would  be  hen  serum.  We  shall  consider 
these  sera,  then,  from  two  standpoints,  first  as  regards  their  anti- 
hematic  property  and  secondly  as  regards  their  ajititoxic  property. 

A.  Antihematic  propcrtif. — ^The  antihematic  property  is  present 
in  theserum  of  animals  treat-eil  with  several  inieclions  of  defibrinatcil 
blood  from  a  different  nninial  speeiea  *  The  serum  of  rabbit-'*  that 
have  recieived  intrjipi^rit^meally  several  injeeticns  of  10  c.c,  each  of 
derihriimloil  hen  bloiJil  shows  pro[M?rties  similar  to  those  found  in 
the  serum  nf  guinea-pi^  treale*l  with  rabbit  blfjod.  Although 
nnrmal  rabbit  serum  has  only  the  faintest  agglutinating  and  dis- 
solving effect  on  hen  re<I  bloo<l  corpuscles  this  active  serum  agglu- 
tinates anil  dissolves  them  energetically.     This  action,  iiowever,  is 

*  Robbila  that  have  received  six  mtrapcriloneQl  injcctioTjaof  10  c,c,  ofciefibrj- 
niited  TTibbil  blood  show  no  pnrticular  property  in  their  scrum-  Tliis  is  roaflonnNc 
enough.  The  prod uoi ion  nf  the  active  aubrilancee  founrl  in  sarutn  ieeviiltnUy  due 
to  a.  atimulation  oF  the  ccMa  in  the  amina]  body  on  ttic  introductjon  of  foreign 
Kuhstanpen  not  normally  present,  whir-U  mny  hnve  Home  efFcel  on  Uie  cell,  or, 
la  oUierworda.  which  may  lead  to  a  change  in  tho  chemical  or  physical  conatitutioa 
t>f  the  cell. 
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only  on  the  protoplasm  of  the  corpuscle  and  does  not  affect  the 

DUdfUS, 

A  microscopifial  examination  of  a  mixture  of  hen  blood  am) 
active  serum  shows  that  the  red  blooii  corpuscles  arc  clumped  in 
more  or  less  compEict  masses  and  reduced  to  tbeir  nut^lei.  NoLhiiig 
remains  of  the  protopbism  but  a  very  delicate  stroma.  On  stain- 
ing with  eosln  followed  by  mctliylene  blue  no  protoplasmic  out- 
line is  visible;  the  affinity  of  protoplasm  for  eosin  has  disappeared: 
the  nuclei,  however,  stain  blue  as  usual-  Such  lesions  of  the 
red  blcod  corpuscles,  however,  are  not  cbaractenstic  of  an  active 
specific  serum  alone^  but  may  occur  when  hen  corpuscles  are 
placed  in  contact  with  a  sufficiently  active  normal  senun,  as  for 
example  dog  serum.  The  active  scrum  is  distinguished  only  by 
the  remarkable  intensity  of  its  properties  against  the  corpuscles  in 
que&tion. 

The  destructive  property  is  destroyed  on  heating  the  serum  to 
55  degrees,  but  may  be  restored  by  the  addition  of  fresh  normal 
rabbit  or  guinea-pig  serum  to  the  heate<l  eeruin.  This  fresh  nonnal 
serum  contains,  as  wc  know^  alexin,*  Tlie  heated  active  serum  re- 
tains both  its  agglutinating  property  and  the  property  of  forming 
with  alexin  a  mixture  that,  has  intense  hemolytic  power.  We  shall 
not  insist  further  on  the  significance  of  these  facts  nor  on  the  analo- 
gies between  antimicrobial  sera  and  antihematic  Ecra  in  this 
respect,  since  they  hflve  alrea<ly  been  pointed  out  in  our  preceding 
article. 

If  dcfibrinatcd  hen  blood,  to  which  heated  active  serum  has  been 
added,  is  introiluccd  into  the  peritoneal  cavity  of  a  normal  rabbit, 
a  rai^id  destruction  of  the  protoplasm  of  the  corpuscles  may  be 
noted  under  the  influence  of  the  alexin  from  the  peritoneal  exudate. 
The  nuclei  of  the  corpusclca,  dcprivc<l  of  their  protoplasm  and 
resisting  the  action  of  the  body  fluid  in  '^ivo  as  well  as  in  vitro,  are 
found  in  such  an  exudate.  These  nuclei  arc  later  taken  up  by  the 
nmcrophftges  of  the  peritoneal  cavity* 

The  question  arises  as  to  whether  an  antihematic  scrum  from  a 
treatcil  animal  will  endow  a  normal  animal  of  the  same  species  with 
a  ^'passive  immunity"  analogous    in  its  charaL'terislics    to    tliat 

*  The  nonnaL  Bcnim  may  bro  replaeod  by  Ibe  poritooeal  exudate  from  a  QDrcaal 
rabbit  which  also  contaJnanleTfin, 
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afforded  by  injectinf^  antibacterial  sera.  We  know  that  cholera 
serum  when  injecteii  into  a  noniial  aitimal  causes  a  remarkable 
phenomenon :  the  serum  of  the  treated  aui  ma!  becomes  bactericidal 
for  the  cholera  vibrio.*  It  is  important  tu  tietermine  whether  the 
Berunj  from  a  rabbit  injected  with  a  serum  active  agaiDst  hen  cor- 
puscles becomes  destructive  For  these  corpuscles. 

A  small  amount  of  blood  is  taken  from  a  normal  rabbit  and  gives 
sorum  A.  After  blealing,  the  rabbit  is  given  10  e.c.  of  active  serum 
Bubcutaneou-sly.  On  the  following  day  the  animal  is  blwl  again 
and  serum  B  is  obtained  from  this  bleeding.  Tlie  hemolytic  proper- 
ties of  serum  A  may  be  compared  with  those  of  serum  B.  It  ia 
found  that  aerum  B  has  a  distinct  hemolytic  property  for  hen  cor- 
puscles, whereas  serum  A,  from  the  normal  rabbit,  has  only  the 
faintest  activity.  Serum  B  also  has  an  agglutinating  property, 
which,  however,  is  slight.  This  property  has  been  transmitted, 
although  much  weakened  by  dilution  in  the  fluids  of  the  normal 
rabbit.  It  is  found,  indeed,  that  although  the  active  aerum  em- 
ployed agglutinates  three  or  four  volumes  of  hen  blood  if  diluted 
with  20  to  25  parts  of  normal  salt  solution  it  causes  no  rapiil  agglu- 
tination in  any  dose-t  We  have  already  noted  the  fact  that  agglu- 
tinins when  injeeteii  subeulaneously  into  a  normal  animal  go  into 
the  blootl  rapidly. t 

The  moat  natural  conclusion  to  be  drawn  from  this  experiment 
is  that  the  active  substances  in  scrumj  when  injected  auboutancously, 
are  simply  diluted  in  the  fluids  of  the  recipient.  It  follows,  there- 
fore, that  the  serum  of  this  latter  animal  should  acquire  to  a  less 
degree  all  the  properties  which  characteriae  the  active  serum  in- 
jected. And  this,  in  fact,  ia  what  happens.  When  heated  to  55 
degrees,  serum  B  loses  its  destructive  property,  but  recovers  it  on  the 
flihlition  of  a  httle  of  serum  A  (normal  serum).  It  is  scarcely 
necessary  to  note  that  experiments  auch  as  these  are  controlle<l 

•  This  imporlaiit  fact  »aa  noUd  For  ibc  first  time  by  Fraeakel  and  Sobernhoira, 
Hygi^nwhe  Kundscliju,  isy4,  No.  1, 

f  Under  thssn  condLEioEE  the  agj^lutinalion  ocf^ura  only  after  a.  condiderftbtQ 
perlcxl.  The  saiat  U  trae  o(  n^rum  B.  WLicJi  oggluticatioa  is  \try  slaw  liualed 
ecra  miiat  be  Mh^]. 

I  Sec  artide.  poj-c  56.  A^luEinins  inJcctoJ  unJcr  thc!  skin  arc  a.\so  found  m 
the  periloueaL  eitudate,  but  m  BTU^Lkr  amounlti  Limjk  in  tJic  blmxl,  (Tb«  experH 
ment  1o  demonstrate  this  fact  was  doas  with  cholera  serumj 
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witti  accuracy  as  to  dceage.     Fur  example,  in  suuh  an  experiment 

the  following  inixtLires  woulJ  be  minle: 

Mixture  {a):  one  part  o(  deftbrin&ted  hen  blooi];  lour  partti  of  serum  A  (heated 
for  one-hftlf  hour  lo  55  deerees);  tliree  pnrtg  of  unlisted  flcnjm  A,  This  i^  Ihe 
control. 

Mixture  (b):  one  part  of  dpGbriuited  hen  bloud;  four  porta  of  Knim  D  (55 
degr^e^J;  three  purta  o|  UQhented  s^ruin  A. 

A  drop  frotn  each  mixlurc  is  suspcnUcd  on  a  hollow  ground  alide.  Tn  roiirturo 
{a)  ihif  CDrpi]S4;te&re[XLaiu  intact,  Od  the  folio  wiog  days*  Tew  free  nudej  ore  found, 
but  the  dc«troye<l  coqiuscles  arc  in  the  grvnl  mmority  Aa  we  already  know, 
QDrmal  rabbit  scrum  has  a  B^ii^ht  hemolytic  activity.  In  toiitiu'o  (h)  tbc  destruc- 
tiou  of  red  blood  ci^lla  occurs  rapidly,  so  that  &t  Ihei^DdofaQ  hour  there  arc  Dotbing 
but  free  DUt^lei  left. 

In  comparing  the  dissolving  activity  of  different  fluids  in  such 
an  experiment,  care  must  be  taken  to  keep  thera  at  the  same  tem- 
perature. The  dissolution  of  red  blood  cells  is  very  much  accel- 
erated by  heatj  as  is  the  granular  trans formatioii  of  the  cholera 
vibrio. 

As  liiifi  experiment  clearly  shows,  there  is  no  reason  to  siippose 
that  the  injection  of  active  scrum  intf^  normal  animals  brings  about 
any  secretion  of  a  particular  dissolving  alexin  which  is  not  present 
in  normal  serum.  To  all  intents  tfie  substances  injected  have  been 
simply  diluted  in  the  bodtf  fluids  of  the  recipient.  Any  experiments 
that  can  be  performed  with  active  scrum  may  also  be  done  with  the 
serum  of  a  passively  immunized  animal. 

Coa^equcntly^  if  wc  regard  the  pnjpcr  substances  of  the  active 
serum  aa  simply  diluted  in  the  body  Buids  without  any  further 
change  on  injection  int^  normal  animalfi,  we  ahoukl  also  expect  to 
obtain  a  fluid  which  is  exactly  as  active  as  acTuni  B^  by  mixing  scrum 
A  with  a  certain  amount  of  the  active  serum  employed.  Such  a 
mixture  of  active  scrum  and  serum  A,  should  be  mode,  to  be  sure, 
in  proportions  that  are  comparable  to  the  relation  between  the 
amount  of  active  serum  injected  and  the  amount  of  Huid  in  the 
animal  body. 

This  is  found  to  be  true-  In  the  preceding  experiment  serum 
B  (which  was  obtaineil  from  a  rabbit  that  weighed  about  2000 
grams  and  had  recfiveti  10  e.c.  of  active  serum)  shows  activity 
similar  to  that  obtained  by  diluting  1  part  of  active  serum  with 
20  parts  of  serum  A. 
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ThLG  eipcrEment  may  b«  done  mor?  exuf^tly  as  follows:  A  normal  guinea-pig 
of  600  grams  b  given  3  c.c-  of  )^uinfa-pi^  a^rum  active  u^ioat  nkbbit  corpi]34:Ifa. 
A  iiorruiLl  ^ruuj  \vjt9  \hxi\  pj'evjiiusly  ol^taliitd  frunj  l^Jiis  guin«u-pi^  hefure  injer- 
tion  (sprum  A)-  Seruui  JJ  is  o^jtaiaed  by  bLeodin^  the  guinon-pig  21  hour^  nFtcr 
iajectioD-  A  tULXtujc  Id  miLcIc  of  one  part  of  ncEive  serum  [the  iunie  us  usc<i  for 
injectinnl  tuiri  iiiui'ttfn  parts  of  Renim  A  (e^iuils  ?<erura  C).  Tliis  luivturc  and 
alio  serum  13  urc  tti^n  heatorl  for  half  lUi  hour  to  j.i  rJc[j^[K<&  to  de^lro^^  t[ir.^  filQicm, 
auice  the  amount  of  dexio  in  IIiok  tvrn  Buida  mi^ht  difTer,  A  compikHaoa  of  the 
pow^r  of  «era  B  ^ntt  C  to  form  a  dissolving  mixture  for  rabliit  corpiJBcLra  with 
normal  eerum  A  oontainiog  al<>j:in,  may  then  be  made.  This  is  duoo  by  detcr- 
miiiuij£  the  BouLllcfit  amount  of  B  and  of  G  respectively,  whiclii  in  the  pruscnce 
pf  B  fiivpn  amnvmi  of  htuih  A,  will  completply  iJissnlvR  h  given  qujintity  of  red 
blood  calls.  B  isEoauJ  tubcsUghtly  lo^  active  than  C-  Fromtho  rnault  wo  should 
Concluilc  that  the  active  aprum  when  injecbed  subcutiincoLisly  iq  a  guinea-pit?  of 
600  grams  is  simply  dilTiiofi  in  slightly  more  than  00  cv-  nf  body  fluid.  This 
dilution  correApoadfl  pretty  well  to  wbat  actually  taLe^  place. 

The  tliffercnt  facte  consi(lcrc<l  up  to  this  point,  namely,  concerning 
the  identity  in  action  of  the  sera  on  ccrpuaoles  whether  in  viva  or 
in  vitro,  leafl  us  to  the  eoneluBion  pn?viou!^ly  offered  for  anliniicro- 
bial  sera.  Antihcmatic  sera  have  no  particular  celluliciJal  sub- 
stance; the  celiuHcidal  substance  (alexin)  dcntroyetl  at  55  degrcca 
is  present,  not  only  in  immumzol  animals,  but  also  in  normal  animaLs, 
Although  it  in  only  J^lightly  active  in  normal  aerum  it  acta  energeti- 
cally in  the  serum  of  Ircateti  animals  because  it  occurs  there  id  con- 
junction with  the  prr»|KT  substance  of  this  active  serum  which 
resists  heating  to  55  tiegrees  or  (H)  degrees  and  favors  the  action  of 
the  alexin.  The  intense  cellulicidal  power  which  appears  in  the 
aemm  of  a  normal  animal  following  the  injection  of  active  serum 
ift  not  due  to  a  reaclion  on  the  part  of  the  animal  nor  to  any  trans- 
forniation  of  the  substance  injected,  but  simply  to  the  encohntGr 
wiihin  ihe  aniinal  body  of  the  tico  substances  that  are  necessary  toform 
int^tim  cdtulicifial  /wiht,  Thr  animal  already  cnntitinwl  one  of 
the  wubsljincejii,  Uie  alexin,  and  llii^  other,  a  H[)ecifir  substance 
eharactenstic  of  active  serum,  is  fiiniishftl  by  the  injection-  The 
union  [jf  tlic-sp  Iwn  sulistance?i,  whirh  occurs  in  (he  aiiliiml  b'xly, 
may  also  be  pro<luceil  in  viln>  by  simply  i]il\ing  normal  semirk  with 
rither  intact  or  previoiLsly  heated  active  serum.* 

*  We  shall  not  consider  at  thlg  point  !n  all  \Ia  dttails  the  cDDeLuBienj  that 
WG  offered  In  iS'io  eoneiTnIng  aniimlcrobial  actu  (aee  p,  79j  sppllcAblQ  in  thia 
ijAstauce  to  »Qtiheiuatia  aera. 
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The  specificity  of  rabbit  ^erurn  active  agaitist  hen  hiood.  — We  have 
not  doDft  many  exjii^riitienLH  on  this  subject,  but  it  seems  certaiD 
tha(  this  serum  is  quitt  as  specific  from  all  a[.ipearaiiees  as  are 
antiunerobial  sera.  This  active  rabbit  serum  naturally  enough  has 
av  efFet^l  im  rabbit  eoqjusehrs  antl  it  alsti  lias  no  more  elTeet  on 
guinea-pig  corpuseles  than  has  nnmial  rabbit  serum;  nor  ilo^  it 
have  a  distinctive  aulion  on  plge^^Hj  human  or  mouse  corpusclea. 
With  none  of  these  corpusehi^^  is  tht^  agglutirmlioEi  and  energetic 
db^olution  that  occun^  witl»  fiffu  corpuseles  to  be  noted. 

The  fixatimi  by  corpusclefi  of  the  specific  subfttances  of  anliheinatic 
*CT7im.— 'Coqjuscles  that  an?  susceptible  to  a  given  antihematic 
serum  fix  the  active  substances  of  this  serum.  We  have  already 
considered  this  fact  in  a  recent  article;*  and  have  also  noted  that 
baeteria  absorb  oil  the  activt!  itubstance^  from  antimicrobial  sera  in  a 
similar  manner.  Corpuscles  that  are  not  affecte*!  by  a  scrum  do  not 
absorb  its  active  properties  and  this  remark  applies  to  normal  sera 
as  well  as  to  specific  sera.  For  example,  if  normal  hen  serum  is 
added  to  rabbit  corpuiicies  the  corpuscles  are  energetically  ag^u- 
tinated ;  and  the  supernatant  fluid  is  found  to  be  deprived  of  agglu- 
tinating properties  for  fresh  rabbit  corpuscles.  But  if  hen  serum 
is  placed  in  contact  with  corpuseles  that  it  affects  only  slightly^  for 
example,  with  guinea-pig  corpuscles,  the  supernatant  fluid  still 
retains  ite  agglutinating  property  for  susceptible  corpuscles. 

The  technique  employed  in  absorbing  the  active  principles  of  an 
anlihcmatic  scrum  foUoWi^:  the  active  serum  employefl  la  hcatcii  to 
55  degrees  for  half  an  hour  and  thereby  deprived  of  its  disaolv- 
ing  effect.    The  following  mixtures  are  then  made  in  test  tubes: 

A,  ^cx.  of  ndrmul  rut^tjit  Herum  plus  D.A  of  a  cubic  ct^nlinwter of  Mil VBgiime&- 
pig  S0ruin. 

B,  3  c.c.  of  defibrimite«i  rabbit  blood  plua  O.S  of  a  cubic  coatimettr  of  active 
guiDta-pi?  wrum. 

The  Brflt  tube  ii  a  control.  Both  tubes  f^otitaio  «|Ufll  amouots  of  active  senim 
diluted  in  fl.  flimila-r  miinDer-  Tlie  aecootl  lube,  however,  contiina  corpuaclea, 
whervoft  liiB  fir^L  :Lue*i  noL.  Witt  cooUct  tim  tubv^  iLre  CHDtrifu^ized  uuJ  the 
BiLpomntatiC  fluji-l^  dccoDtcd.  The  clear  Huids  tbUA  ohtamed  ore  (eati>d  for  ogglu- 
tinnling  property-  Fluid  A,  which  hoe  not  been  aubjcctcd  to  corposclea,  o^gluti- 
naiea  rubhil  corpu^le?  eriergeticully  nliereaa  Fluid  3  dona  not  a^uiiuate  Ihem. 
A  delorminntion  ia  then  nude  of  Ihe  power  of  the  two  fluids  to  form  hemolyzing 
tnirturcs  nitli  alexin,  aa  foJlowsi 

*  Mechaumm  of  aggluliuution,  p.  142. 
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a,  one  part  oF  aarmal  drfibriiuited  riibbit  bloud  plim  oup  pji.rt  of  fluiil  A  pUts 
five  [ii^rl-A  i-iF  Ireah  nonnal  guiaea-ptg  acrum. 

h.  one  part  oF  itcimui]  dcSbrloiLLcd  mbbit  blood,  one  p^trt  of  fluid  B,  &vc  parts 
of  fresh  iiurziud  gainta-pig  ;!(f^ruiii. 

Dissolution  ocGurij  rapidly  m  lube  a,  but  the  corpiuclea  remaia  intact  m 
tube  h. 

It  is  e^'iclent  that  retl  blood  corpuscles  fix  tho  active  subatances 
in  antihcmatic  sera  with  avidity-  Jt  id  aUo  found  that  tho  effect 
of  these  substances  on  the  rorpuaclcs  that  leatla  to  their  aggluUna- 
tion  and  sensitization  to  alexin  is  very  profound,  eincc  it  is  not 
eJiminateii  by  ecvcral  washinga.  Theac  waflhini^  arc  easily  accom- 
plL^hcU.  Several  drops  of  ealt  aolution  containing  numerous  cor- 
puscles are  placed  in  a  teat  tube*  and  a  small  amount  of  active 
serum,  heated  to  55  degrees  and  so  deprived  of  dissolving  effect, 
in  added.  The  tube  is  filled  with  salt  snlutioo,  shaken  and  cen- 
trifugahzcfJ ;  the  supernatant  fluid  is  decanted;  fresh  salt  solution 
ia  added  to  the  deposition  of  corpuscles  and  the  washing  rejteated 
several  times  until  a  deposit  of  well-washed  corpuscles  is  obtMued. 

Thfse  washes!  weiL'siliz(^l  corinwclea  are  as  easily  dissolved  by  a 
dose  <^f  frreih  nonnal  scrum  as  are  unwashe<l  sensltiKetl  eorpuscies. 

These  facts  seem  to  prove  that  the  partiuular  substance  present 
in  the  .serum  (>F  vaccinated  animals  which  resists  hejit  and  pennits 
the  energetic  action  of  the  alexin  acts  upon  the  carpu.scU>t  Uit'rnselves 
in  suck  a  tvay  or  to  seiwiitize  Litem  to  OtE  action  of  tlie  alexin.  We 
might  have  supposeil,  indeed,  that  thU  particular  substance  acted, 
not  on  tht^  [corpuscles,  but  (lireetly  on  tht'  alexin  in  a  way  Ui  render 
it  more  energetic,  ThL^  latter  hypothesis,  however,  is  not  in  accord- 
ance with  fttct-s  and,  moreover,  would  not  explain  ao  well  the  evident 
specificity.  It  would  seem  to  bo  demoiLstrated  by  the  preceding 
experiment  that  in  a  mixture  of  eorpuhclps,  active  lieatod  serum,  and 
normal  eerum  there  i^  no  reaction  in  the  fluid  part  of  the  raixturo 
between  the  alexin  and  the  particular  substam^e  of  the  active  serum. 
This  U  shown  by  the  fact  that  tho  spceitic  substance  rapidly  sepa- 
rates from  the  fluid  and  fixc^  itself  on  the  corpuscles,  which  then 
become  susceptible  to  tho  subsequently  added  alexin ;  tlus  is  shown 
by  addini;  it  only  after  the  flensitizinp  substance  ha^  been  combined 

•  Itt  such  nri  i?xporirnent  tbe  corpLiwltpipmpfoypd  huvel»Mii  prpviouply  wnah^ 
1o  remove  tho  ficrum  preacat  ia  dc&briDalod  blooj;iaflucb  on  experiment  na  traoe 
of  alexin  .^huuM  Ije  left. 
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witb  the  eorpiKcles.  Similar  experimonts  may  be  made  with  bac- 
terifl  and  thdr  corresponding  aotisora  *  We  may  consider,  then,  the 
conception  that  we  prcvdouely  arrived  at,  namely,  thai  specific  sera 
coTiiain  a  sensitizing  suhstaTice  that  renders  the  corpuscles  or  bacteTia 
susceptible  to  attack  on  the  pari  of  the  oleTin,  as  su^ierUly  proved. 

We  hAve  not  yet  considered  the  close  analogies  between  the 
propertie,'^  in  the  serum  of  a  guinea-pip  active  against  rabbit  blood 
and  tho&o  present  in  the  Kcruin  of  a  rabbit  active  against  hen  blood. 
There  is,  however,  a  difference  between  these  two  sera  that  should 
be  noted. 

As  we  have  already  noted  in  a  previous  article,  active  piinea-pig 
flenim  heate^i  Uy  5-5  degrees  when  added  to  defibrinate^l  rabbit  blo(>d 
atili  protluces  a  slight  effect  on  these  corpuscles,  aa  is  shown  by  a 
distinct  reddish  coloration  of  the  fluid.  This  i^  due,  aa  we  have 
alreafly  notal,  to  the  fact  that  these  corpuscles  are  slightly  attacked 
by  the  small  amount  of  rabbit  alexin  present  in  the  dcfibrinated 
blood.  If,  indeed,  corpuscles  previously  wa.-ih(xl  iu  salt  solution  are 
used  instead  of  or<linary  dcfibrinated  blood,  no  dissolution  takes 
place;  that  is  to  sayn  the  alexin  had  been  eliminated  by  washing. 
On  the  other  han^.l,  if  to  such  wa^^hed  corpuscles,  subsequently  sen- 
sitized, a  sufficient  dose  of  normal  rabbit  serum  is  added,  complete 
and  rapid  diw^iuUilion  occurs.  Rabbit  corpuscles,  then,  unrier  the 
influence  of  the  sensitizing  substance,  become  susceptible  to  the 
action  (■^f  thnr  pmper  alexin.  We  should  expeet  that  hen  ror- 
piL^iclra  when  treated  with  aetive  heated  serum  (from  il  rabbit 
injectttl  with  hen  blood)  would  dissolve  in  normal  hen  seruEn.  Such 
diftsolution^  however,  does  not  occur.  In  spite  of  the  effect  of  the 
sensitizing  substance  hen  corpuscles  do  not  become  susceptible  to 
hen  alexin. 

This  shows  clearly  enough  that  the  idexinp  are  not  quite  identical 
in  different  animal  species.  Their  more  important  charactomties 
are  common;  that  is,  they  act  fnore  «>r  less  in  the  ^amc  way  on  a 
given  bacterium,  but  they  show  differences  in  their  action  upon 
red  blood  cells.  The  idea,  moreover,  was  a  priori  evident  from  a 
study  of  the  effect  of  normal  sera  on  corpuscles,  from  which  we 

*  Cfanlpro.  vibrios  trpiLted  with  chulem  H^uiii  ami  ttiRii  can!fully  washed  flhow 
granular  I riLD^f onDatian  iipoa  the  addition  of  normal  o^nim  or  Than  ii^trotiacad 
in  the  pcriLoncaJ  cavity  of  a  normal  ^inca-pLg, 
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learned  that  (he  red  blcn:)d  rells  of  an  aititiial  are  not  attapkeil  by  the 
nlexin  from  thi;  ^ame  animal,  whereas  they  are  susceptible  to  alexins 
fruin  other  aEiirnals, 

We  might  compare  in  a  very  gross  way  the  inrxHfifiatlon  which 
Lbe  sensitizing  sulistance  Gauges  in  the  cor|)iisc!es  by  likening  it 
to  a  change  in  the  structure  of  a  lo^k  by  means  of  whicb  one  or 
several  keys  lliat  [irevkiusly  could  not  o|N?n  it  arc  enabled  to  Jo  so. 
Any  two  keys  that  are  auffiuiently  alikci  would  enter  the  lock  in- 
difTeretaly.  In  the  saine  way  the  alexins,  both  of  the  guinea-pig 
and  of  the  rabbit,  "entj^r"  rabbit  corpuscles  or  lieii  corpascles 
once  these  corpuscles  have  been  sensitized.  On  the  other,  hand, 
hen  alexin,  that  apparently  differs  too  greatly  from  guinea-pig  or 
rabbit  alexin,  does  not  ''enter"  hen  corpuscles  even  when  they  are 
previously  sensitized-  It  may  be  that  the  entrance  or  the  efficient 
working  of  the  alexin  depends,  not  only  on  tbe  nature  of  ihe  alexin, 
but  also  on  the  nature  or  the  particular  origin  of  the  sensitizing  sub- 
stance. There  arc  evidently  many  exiieriments  yet  to  be  made. 
In  the  absence  of  sufficient  data  we  shall  content  oui^eLves  for  the 
moment  with  pointing  out  a  method  of  obtaining  some  insight  into 
the  mode  of  action  of  these  substances. 

The  effect  of  heat  on  the  fU^tive  substarwes  of  serum.  —  On  heating 
rabbit  scrumf  active  against  hen  coqju-^clca,  to  55  degrees  the  agglu- 
tinating and  senailiKing  properties  persist,  wliorca^,  as  we  have 
already  seen,  the  dii^soKin^  property  is  supprctwctl. 

On  heating  for  half  an  hour  to  C6  degrees,  both  the  agglutinating 
and  the  sensitizing  power  are  still  intact;  heating  to  65  degrees 
diminishes  the  agglutinating  property  sli^Uly,  aorJ  it  becomea  very 
weak  on  heating  to  70  degrees  for  the  same  length  of  time.  It  should 
be  remarket!  at  this  point  that  unhcatai  scrum  when  previously 
diluted  with,  aay,  20  parta  of  salt  solution  baa  no  visible  agglutina- 
ting effect  in  any  da?c,  wliich  shows  that  the  agglutinin  mait  be 
present  in  a  certain  state  of  concentration  in  onlcr  to  affect  cor- 
puscles,and, moreover,  when  tbcphenomenon  is  absent  no  conclusion 
can  be  drawn  as  to  complete  absence  of  the  active  substance.  The 
senaitiEing  substance^  bowever,  is  atiU  distinctly  manifest  in  serum 
heated  to  70  degrees  and  abo  in  ecrum  that  has  I>een  diluted  with 
20  parts  of  salt  solutioikp  One  part  of  defibrinatftJ  blood  mixed 
with  two  parts  of  scrum  heated  to  70  degrees  plus  four  parts  of 
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normal  rabbit  scrum,  is  rapidly  hemolyzed.  But,  with  the  same 
amount  of  defibrinate*!  blood  and  normal  serum,  the  addition  of 
relatively  i^mall  doses  of  active  serum  healed  eiUier  to  60  degrees  or 
to  70  degrees  sliows  that  dissolution  takes  place  more  slowly  with 
the  serum  heated  to  70  degrees ;  that  la,  the  sensitizing  property  of 
the  Bcrum  has  been  diminished  by  heating  to  70  degreea.  It  is  very 
attenuateti.  but  is  not  completely  destroyed  by  heating  for  half 
an  hour  to  75  degrees. 

It  may  be  noted  that  a  mixture  of  dcfibrinaied  hen  bloo<l,  nonnai 
serum,  and  active  serum  heated  to  70  degreea  is  hemolyzed  with- 
out any  preliminary  ag^dutination;  the  coqja'^clea  are  soon  reduced 
to  eepamte  nuclei.  If  the  agglutinin  13  not  destroyed  It  has  at 
least  bceomc  too  feeble  or  too  small  in  amount  to  produce  clump- 
ing; sensitization,  however,  still  goc3  on, 

Precipitaling  propcrtij.  —  In  addition  to  the  antihematic  property 
in  active  rabbit  serum  we  should  note  it,3  property  of  forming  a 
precipitate  with  nomial  hen  serum.  We  have  airea.ly  considered 
this  question  in  a  preceding  article*  and  in  this  connection  we 
have  mrnlioQeJ  the  researches  of  Tchistovitch,  to  wliotn  we  owe 
the  fir^t  olfeervations  of  a  similar  phenomenon.  When  the  two 
sera  are  mixed  a  turbidity  appears  lliat  at  first  i.s  slight  but  soon 
increase^  and  finally  condenses  into  flecks.  The  moat  abundant 
precipitate  is  fnnneii  by  a  mixture  of  one  or  two  parts  of  hen  serum 
with  eight  nr  nine  parts  of  active  serum. 

If,  instead  of  treating  rabbits  with  hen  blood,  hens  are  treated 
with  rabbit  blooii^  their  senim  L^  found  to  preiiiipitate  normal  rabbit 
serum.  The  phenomenon  of  precipitation,  however,  does  not  occur 
regularly  in  all  instaiiees  examined ;  the  j^erum  (if  guinea-pigs  treated 
with  rabbit  blood,  for  example,  causes  no  precipitate  with  rabbit 
serum.  A  mixture  of  sera  from  nonnai  animals  of  different  species 
never  causes  a  precipitate. 

B.  Antiiosk  property,  —  It  seemcfl  probable  that  we  should  be 
able  to  prwluce  aera  endowed  with  an  antitoxic  property  and 
capable  of  opposing  the  destructive  action  of  certain  given  i^ora  on 

*  See  p.  142.  Wp  shrill  not  h^re  coua[ilcr  iht  ai^iiLficnEici- of  this  plienameaon. 
Wc  have  alrondy  mpolioDed  the  pffecl  af  h^nt  oa  Ihe  preci  pita  ting  properly  and 
determiuetl  to  what  extent  the  precipitins  arc  specific.  We  may  recall  that  the 
serum  Id  question  (serum  rabbit  >  hca)  aldu  precipiljitea  pigouo  Aeruio. 
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red  blood  cells.  As  a  matter  of  fjwt,  Camixs  and  Gley  and  Kossel 
have  shown  that  in  the  scrum  iif  aiiimab  immuni/Hi  against  eel 
Berura  there  are  suljstaniies  that  protect  their  corpuscles  against  the 
dissolving  efTeot  of  tliis  Umc.  serum. 

In  unler  to  make  wuch  resulu  evident  the  "toxin"  employed 
ahould  be  powerful.  AnimaLs  of  s[>ecie.s  A  should  be  injecte*!  with 
aerum  or  defibrinated  blood  of  species  B,  and  the  serum  of  s;jeciL*s  B 
shouid  be  able  to  agglutinate  and  dissolve  the  red  blood  corjjuscles 
of  species  A  energetically.  The  rabbit  and  the  hen  fulfill  these 
conditions:  the  agglutinating  and  dissolving  effect  of  normal  hen 
B^nim  on  rabbit  corpascles  being  very  energetic-  The  antihomatic 
property  of  rabbit  senim  for  guinea-pig  corpuscles,  on  the  contrary, 
is  only  slight;  and  therefore  the  serum  of  a  guinea-pig  vaccinated 
against  rabbit  blooti  is  not  sxnt&l  to  the  study  of  this  antitoxic  or 
antihemotoxic  property. 

Normal  hen  SGrurn  agglutiivatet^  an  equal  amount  of  detibrinated 
rabbit  blood  energetically.  Two  or  three  parts  of  this  serum  will 
dissolve  one  part  of  rabbit  blood  corpuscles.  Rabbits  that  have 
rcccivctl  intruperitoneally  three  injections  of  10  e,c.  each  of  hen 
blood  have  an  antitoxic  property  in  thdr  scnimj  although  it  is  not 
very  intense.  It  may  bo  demonstrated  in  a  mixture  containing 
normal  rabbit  bloody  hen  serum  (frcah)  and  active  rabbit  aerum; 
and,  as  a  control,  normal  rabbit  blood,  freab  hen  serum  and  normal 
rabbit  serum.     The  exact  pPLiportions  in  these  tubes  are  oa  follows: 

Tulje  A,  one  part  of  normal  rabbit  blood;  three  parts  of  hen 
eenim;  ten  parts  of  active  rabbit  serum. 

Tube  B»  one  part  of  nonnal  rabbit  blood:  three  parts  of  hen 
aerum;  ten  part^  of  normal  rabbit  serum.  In  the  second  of  these 
tubes  the  rabbit  blood  corpuscles  rapidly  collect  into  thick  compact 
masses  that  after  two  or  three  hours  hcmolyze.  In  tube  "A"  the 
corpuscles  remain  indeBnit^ly  intact  and  only  a  slight  agglutination 
in  very  small  clumps  is  evident-  In  addition  to  a  property  of  pre- 
venting the  disssoliition  of  corpusclea  the  aUive  serum  ftas  a  didinct 
ant  i-Qijglutinating  properly. 

The  cofitrol  mixture  '*B"  shows  that  normal  rabbit  serum  has  no 
antitoxin  properties. 

If  the  amount  of  active  serum  la  diminlshBl  to  any  extent  or  the 
amount  of  dissolving  hen  serum  is  increased,  the  antitoxic  effect 
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is  no  Jongor  detectable.  So,  for  example,  in  a  mixture  of  one 
part  of  rabbit  blood,  three  parts  of  active  semra  wid  six  parts  of 
hen  serum  the  corpuscles  are  difisolved  wiltout  any  appreciable 
delay  > 

InoMcr  todctonuine  more  clearly  the  effect  of  the  "atiti-agglu- 
tinin"  in  the  serum,  hen  serum  hcatotl  to  55  degrees  and  therefore 
without  diasoiving  prop>erty  may  be  u:?cd:  auch  a  aerum  still  ag^u- 
tinatcs  vcrj"  enct^ctically  an  equal  voiutnc  of  rabbit  blood.  For 
example,  the  Following  mixturci^  arc  prepared: 

Tube  A»  dcftbrinatcd  blood,  one  part;  active  aerunit  ten  parts; 
hen  serum,  55  degreed,  one  part. 

Tube  B,  defibrinated  blood,  one  part;  normal  rabbit  scrum,  ten 
parts;  hen  serum,  55  degrees,  one  part. 

Agglutination  is  rapid  and  very  strong  in  mixture  "B"  and  ia 
negative  or  extremely  feeble  in  mixture  ''A." 

When  the  active  serum  h  mixed  with  hen  serum  a  precipitate 
is  formed.  We  might  imagine  that  the  active  serum  does  not  con- 
tain, strintly  speaking,  an  antitoxic  suljstance,  but  that  the  precip- 
itate in  its  forniation  remuves  the  harmful  substances  of  the  hen 
serum  and  so  renders  it  inactive.  Thia  objection,  however,  is  not 
well  fonrKled,  as  is  shown  by  the  faet  that  active  rabbit  serum 
heated  Lo  70  ilegrees  loses  the  property  of  pnjiim;ing  a  precipitate 
with  serum,  but  still  manifesto  its  anti-agglutrnating  prt»t)ertiea. 
It  retains,  moreT.»ver,  the  property  of  preventing  the  ilLssolution 
of  corpuscles  by  hen  alexin. 

This  shows  that  the  substance  that  opposes  destruction  by  alexin 
is  quite  different  from  a^^zins  thernaeloes. 

The  serum  oF  a  guinea-pig  vafcinateil  against  rabbit  blood  also 
shows  antitoxic  properties,  but  only  to  a  slight  extent. 


H,      AnaLOC1B3    BeTWTJEN  SfECTPIC   AMD   NoiiMAL  Ser\,      A?^AL- 
OQIE3    BlSTWEEM   SUBSTANCES  ACTIVE     AgAINST  BaCTERIA 

AND  Those  Affecting  Blood  Corpuscles, 

It  is  well  known  that  the  various  properties  in  specfic  sera  are 
aUo  present  to  a  alight  degree  in  normal  sera.  They  are  manifest 
by  an  agglutinating  action  or  dissolving  aetiao  either  on  bacteria 
or  on  corpuscles.  It  Ls  quite  natural  to  believe  that  the  properties 
acquired  by  the  animal  body  as  a  result  of  immuaizatioo  are  only 
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ft  perfeptioning  of,  or  an  increasp  in,  preexisLing  properties,  aiiti  it 
is  tlierefore  nf  interest  to  a>u?prtain  whether  the  active  substances 
in  the  sera  of  vaccinated  animals  have  diaraclers  in  common  with 
similar  substances  in  normal  ,sera  a[ui  whetherj  Intleorl,  the  (wo  are 
identical.  For  example,  we  may  compare  the  antihematic  proper- 
ties which  are  so  strongly  marked  in  the  serum  of  animBls  treated 
with  defibrinated  blood  with  similar  properties  present  in  normal 
sera. 

The  property  of  agglutinating  and  <]iasolving  alien  rt3d  blood 
cells  ia  found  very  commonly  in  normal  sera.  We  know  that  these 
properties  affect  the  cor|JU.soled  from  different  animal  species  only. 
Following  is  a  recapitulation  of  the  agglutinating  [)ower  of  certain 
normal  sera  on  ecrtatn  varieties  of  red  blood  cells.  In  tbct^  experi- 
ments we  usually  mixeil  one  part  of  dcfibrinatcd  blood  with  three 
or  four  parte  of  serum : 

Guinea-pig  serum  agglutinates  the  corpuscles  of  the  rabbit  and 
the  hen  shghtly  and  rat  corpuscles  more  energetically. 

Uabbit  serum  has  alight  agglutinating  properties  for  the  red 
blood  corpuscles  of  the  guinea-pig.  man,  the  hen  and  the  rat. 

Hen  serum  haa  an  energetic  agglutinating  properly  for  the  cor- 
puftcles  of  the  dog  and  rat  and  especially  for  the  rabbit.  Its  agglu- 
tinating action  on  guinea-pig  corpuacles  ia  alight.  It  agglutliiatea 
pigeon  eorpuflcles  rather  strongly. 

Pigeon  serum  baa  a  very  weak  agglutinating  property  for  the 
corpuscles  of  the  hen,  the  rabbit,  man,  and  also  for  bacteria. 

Dog  serum  agglutinates  the  coriJUscles  nf  the  rabbit  and  the 
rat  strongly^  and  the  corpuscles  of  the  guinea-pig  acid  the  hen 
faintly. 

Rat  serum  agglutinates  the  eorpuselea  of  the  rablnt  and  the 
guinea-pig  sUglitly. 

Goat  T^eruni  sigglutinates  the  corpuscles  of  tKe  rabbit  and  the 
guinea-pig  distinctly- 
Horse  serum  agglutinates  the  corpuacles  of  the  guinea-pig,  the 
rabbit  and  the  hen  distinctly  and  the  corpuscles  of  the  rat  ener- 
getically. 

The  dissolving  properties  of  these  animal  sera  for  rod  blood 
corpuscles  are  always  due  to  tbe  alexin,  or  thermolabile  aub- 
stance.     It  is  a  general  rule,   applicable  to  all  eera,   that  the 
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power  to  destroy  red  blood  corpuscles  disappears  on  heating  to 

The  most  destructive  and  powerful  action  that  we  have  note<i  in 

studying  i^ora  if;  the  effect  of  hen  serum  on  rabbit  corpuscles.  One 
part  of  defibrinated  rabbit  blood  is  rapidly  dissolvetl  by  two  or 
three  parts  of  hen  serum.  The  destructive  effect  of  this  serum  for 
rat  corpuecloa  is  also  very  distinct;  it  is  very  slight  for  guinea-pig 
corpuscles. 

Dog  serum  diasolves  hen  corpuscles  ener^tieally,  although  it 
leaves  their  nuclei  intact;  it  also  attacks  rabbtt  and  guinea-pig  red 
blood  corpuscles. 

Guinea-pig  deram  and  rabtnt  serum  have  both  a  very  alight 
destructive  effect  on  hen  and  human  corpuaclea.  Guinea-pig  serum 
has  only  a  very  slight  and  delayed  effect  on  rabbit  corpuscles,  llab- 
bit  serum,  however,  is  much  more  active  against  guinea-pig  cor- 
puscles, but  is  almost  entirely  without  elTcct  on  rat  corpuscles. 

lb  should  be  noted  in  th^^e  tests  that  the  agglutinating  and  the 
dissolving  property  differ  in  different  specimeas  of  the  same  vjinety 
of  normal  seniin ;  tliat  is,  there  are  individual  differences  which  may 
be  rather  marked. 

No  general  rules  can  be  drawn  from  these  facte-  There  is  no 
means,  for  example,  of  classing  corpuscles  in  groups  according  to 
their  sensitivity  to  agglutinating  or  dis^lving  action. 

The  corjjuscles  of  a  giveii  species  may  be  very  easily  agglutinated 
by  one  normal  serum  and  resist  another.  In  the  same  way  It  can- 
not be  shown  that  a  serum  that  shows  itself  very  active  for  one 
spetjies  of  corpuscles  will  be  equally  active  for  other  varieties  of 
corpuscles.  For  example,  hen  serum  affects  rabbit,  dog  and  rat  cor- 
puscles, but  has  almost  no  effect  on  guinea-pig  corpiiscles.  Nor 
can  we  assert,  as  a  general  rule,  that  a  serum  that  is  capable  of  dis- 
solving a  ^ven  species  of  corpuscles  will  necessarily  agglutinate  them 
energetically.  For  example,  although  hen  serum  dissolves  rabbit 
corpuscles  easily  and  also  agglutinates  them  strongly,  we  Sndf  on 
the  other  hand,  that  dog  acrum  agglutinates  hen  corpuscles  only 
faintly^  although  it  destroys  tbcni  actively.    It  is  evident,  then,  that 

■  There  is,  however,  an  tippcirent  enceplion.  Dog  red  blood  corpuw^^ps  ars  still 
difiSoLvcd  by  fiora  heated  to  £5  iIogrooB.  TI^gsq  oorpuBdeSp  however^  urc  alao  d'vt- 
•olved  by  their  prupw  &eniUi,  II  b.  therefore,  not  a  qaeotJOQ  of  alezic  activity, 
but  of  a  particular  fragility  en  the  part  *^  dog  corpuscles. 
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tii9re  are  two  distinct  factors  concernreJ  in  the  effect  of  R<'ra  on  cor- 
puscles: Firet,  the  greater  or  Ics^r  amtiunt  of  active  sulwEances  m 
tlio  aexura  and,  secoocily.  the  particular  Gca^itivity  of  the  corpuscles 
in  question  to  the  substancc-s  in  the  scrum  employed.  Corpuscles 
may  be  very  susceptible  to  the  effect  of  the  active  aubstttncts  of  one 
serum  and  much  more  refractory  to  thoac  in  another  normal  serum. 
Although  tlic  agglutinins  in  different  nonnal  sera  are  similar  in  their 
method  of  action  ihey  arc  not  identical ;  there  must  be  certain  slight 
differences  of  chcioicEd  constitution  between  them  to  explain  the 
diversity  of  their  effect  on  a  given  kind  of  corpuscles.  Tli^  same  re- 
marks apply  also  to  the  alexins  From  ilifferent  animal  s]jeci<^.  The 
corpuf?cl(^,  too.  of  different  species  differ  in  con^sLitulion  and  each 
variety  has  its  particular  way  of  reacting  with  a  given  alexin  or  a 
given  agglutinin. 

Wc  have,  moreover,  offered  in  our  memoir  on  the  mechanism  of 
agglutination  an  experiment  which  indicates  that  a  given  normal 
acrum  contains  several  different  agglutinins. 

*** 

It  is  well  to  consider  how  great  a  resemblance  there  is  between 
substances  with  similar  propertiea  in  different  sera.  For  example, 
we  may  compare  the  agglutinins  of  normal  t^era  with  tho^  of  im- 
mune sera  and  the  agglutinins  and  sen'iitizing  substances  for  blood 
corpuscles  with  the  corresponding  substances  for  bacteria. 

We  have  already  frequently  repeat&i  that,  in  the  matter  of  alexins, 
normal  sera  do  not  differ  fnim  imrauQc  sera,  whether  aotimicrofcHai 
or  anlihematic. 

And,  what  ia  more,  the  alexins  that  affect  corpuscles  seem  to  be 
quite  identiral  with  those  that  affect  bacteria.  Both  the  property 
of  ehanging  red  bloml  corpa^eles  and  the  power  of  prinlucinga  gran- 
ular transformation  of  vibriijs.  are  frequently  met  with  among  sera. 
VlbrioHj  especially  when  sensitize*]  by  cholera  serum,  are  readily 
changefl  into  grannies  when  placotl  in  contact  with  normal  serum 
from  the  rabbit,  giiinea-pig,  goat,  hen.  dog,  rat  or  pigeon;  only  a 
slight  difference  in  intensity  of  action  Is  shown  between  these 
different  sera*    These  sera  lose  their  activity  against  bacteria  when 

•  We  are  dealini;  lieiT.  it  may  be  atateJn  willi  iLuse  bacltfickJal  effects  which 
depf^nci  on  alf^tinn  and  vhifh  tio  (I4il,  orr^ur  witli  gem  Ii(«aUi<j  to  ^  dcgreea.  The 
typical  oKampk  of  this  activily  is  tbo  groctilar  traoBfonrnklJoii  at  vibrioB.     TUera 
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hcattxl  to  55  degrees;  and  at  tlie  same  time  are  deprived  of  their 
aetivity  against  corjjascles.  The  differences  in  alexins  from  dif- 
ferent sources,  so  far  as  their  at^Lion  on  coqjuscles  is  concerned,  are 
not  to  be  reckonei!  with  when  dealing  with  vibrios. 

Although  the  ppi.-st-mie  iif  alexiiLs  is  not  rJustinotive  of  the  sera  of 
vaccinatol  animals,  since  they  occur  in  the  same  form  in  nomoal 
Berum,  the  aggljtinating  properties  of  the  semni  of  vaccinated 
animals  are  cleariy  to  be  distinguished  from  those  of  normal  sera  as 
more  intenj^c  and  specific.  It  U  worth  considering,  however,  whether 
the  agglutinins  in  immunized  animals,  in  spite  of  these  ilifFeronees, 
are  affected  in  th9  same  way  by  heat  as  are  the  agghitinina  of 
normal  sera. 

We  may  begin  by  establishing  to  what  extent  heat  weakens  the 
a^lutinating  power  of  a  piven  normal  eenira  for  corpa'^cles  and 
for  bacteria  ret^pec lively.  For  such  an  experiment  bacilli  easily 
clumped  by  various  normal  sera  are  chosen.  We  have  particularly 
employed  the  bacillus  typhosus.  Without  going  into  the  details 
of  these  experiments  we  may  say  in  general  that  a  given  high  tem- 
perature causes  a  normal  scrum  to  lo^je  its  property  of  ^glutinating 
both  bacteria  and  cetla  to  an  equal  extent.  In  the  sera  that  we 
have  tried  the  agglutinating  pro]3ertie^  remain  unaffected  after 
heating  to  55  licgrecd  for  half  an  hour.  Heating  to  61  to  C2  degrees 
for  the  same  period  diraini,^he3  but  does  not  entirely  destroy  the 
agglutinating  properties  of  guinea-pig,  goat,  dog.  horse  and  hen 
serum.  With  poorly  agglutinating  acra  there  is  practically  no 
clumping  action  after  heating  to  this  degree:  when  deahag  with 
strongly  agglutinating  sera  it  is  itili  very  distinct  after  such  treats 
ment.  Hen  scrum,  for  example;  even  after  heating  to  67  degrees 
still  agglutinates  rahbit  corpu^nlcs  distinctly.  As  the  temperature 
is  raised  the  agglutinating  power  Iwcomes  weaker  and  weaker,  so 
that  normal  sera  heateil  for  a  half  hour  to  70  decrees  no  longer 
agglutinate- 

ftTC^  however,  in  certain  acr&  bactericidal  aubatancca  quite  diatiacb  from  aleiciiid. 
Rat  serum  heated  lo  55  ilegrvea  a  quite  incapable  of  produciu^  a  tran^fornmiioii 
fa  chftlem  vibrios,  .serwiiinod  with  nholera  wrum,  nl  though  Lhi-'  prajmrty  19  prpwnt 
ui  iDtAct  rjkt  Qurum.  But  such  hi?ated  rat  Borum  dc<3troy^  tha  aathrax.  baciilua 
with  apfjareotly  uud kmiuisUird  uctivity,  tluwtclieako  haa  already  Dated  ttiat  this 
partu^alur  hactericidikl  property  of  r&t  serum  for  tbe  antbraj  bacttloa  resTsta 
heating  to  from  55  to  60  degrees. 
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NoTinal  rabbit  st-mtii  i.s  the  one  in  which  agglutimna  bei^t  resist 
hoatiug,  so  far  jls  wo  have  stti^iial  thetn.  Rabbit  serum  must  be 
heated  to  approximately  65  degir^a  to  cause  any  dUtinct  dimiuu- 
tion  in  agglutinating  power  tfithyr  for  corpuscles  or  bacteria. 

VVhcQ  we  come  lo  compare  the  effect  of  heat  ou  the  normal  and 
on  the  specific  agglutinins  we  find  very  distinct  correspondence. 
In  such  experiments  it  shouH  be  remembered  that  specific  agglu- 
tinins are  very  much  mere  energetic  am !»  consequently,  any  dimin- 
ution in  their  activity  is  less  evident  than  in  nunnal  sera,  the 
energy  of  which  is  slight  to  begin  with.  In  experiments  on  the 
sera  of  the  goat^  rabbit,  or  guinea-pig  vaccinateii  agaiiu^t  the  cholera 
vibrio^  and  the  scrum  ot  the  dog  vaccinated  agaiast  B.  typhosus, 
the  speciTic  agglutinating  property  is  distinctly  diminished  by  any 
temperature  that  weakens  a  normal  agglutinating  power;  in  the 
case  of  the  guinea-pig  and  the  goat  this  diminution  l^  evident  after 
heating  to  01  to  t)2  doj^'ea:  and  the  sera  heated  to  70  degrees  are 
almost  inactive.  The  agglutinina  in  immune  rabbit  serum  arc 
much  moi"c  resistant:  and.  a^s  we  have  just  seen,  the  aame  fact  holds* 
true  for  the  normal  agglutinins  in  normal  rabbit  se4"um.  Two 
cholera  sera  coming  from  a  rabbit  and  a  guinea-pig  respectively 
rcsi,Hl  heat  differently;  on  heating  Iheni  to  TU'lcgrces  there  Ls  marked 
diminution  of  activity  in  the  specific  guinea-pig  serum,  but  only  a 
very  faint  dirninutioa  in  the  specific  rabbit  senim.  It  may  be 
noted  that  rabbit  serum  also  resirits  coagulation  by  heat  better  thaa 
does  guinea-pig  serum.  Guinea-pig  aemin  mixed  with  equal  parts 
of  normal  salt  aolution  becomes  opalescent,  but  is  not  coagulated, 
on  heating  to  Go  degrees  for  a  half  hour;  rabbit  aerntn  treated  in 
the  same  way  does  not  even  become  opalescent;  It  becomes  faintly 
opaUwcfnt  only  on  heating  to  70  degrees,  Wc  need  iscarcely  t-.vn- 
phBfiiZG  the  fact  that  there  h  a)jparently  M)me  cl<jse  relation  Ijetween 
the  appearance  of  a  coagulation  or  opalescence  anil  the  deteriora- 
tion of  active  substances. 

In  short,  it  may  be  said  that  agglutinins,  whether  affecting  cor* 
puscles  or  bacteria,  are  srimHarly  affected  btf  heal  whelJier  they  occi/r 
in  lumnat  sera  or  in  specific  sera.  There  is  a  pnjgrpssive  diminution 
in  activity  as  the  temperature  ia  raiseil,  but  it  U  impos.sible  to  dtfme 
a  criticjil  temperature  below  which  they  remain  intact  and  above 
which  they  are  destroyed.     Agglutinins  appear  to  be  more  resistant 
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in  tlie  scrum  of  certain  anirnab  than  they  are  in  the  eerum  of  other 
animal  species. 

Siiiee  hE;at.  weiikens  the  agglutinating  pro|x;rt.y  of  aera  fnr  cor- 
puacles  or  bacteria,  the  (Question  arises  as  to  whether  the  property 
of  sf^nsitizing  ccWa  to  the  action  of  alexin  present  in  specific  aera 
is  diminishc<l  in  a  girnilar  way.  The  ijuestion  is  not  without  in- 
terest, as  it  may  thrciw  some  light  on  the  problem  of  whether  the 
phenoTnenon  of  sensitization  is  due  to  the  same  or  different  sub- 
stances than  the  plieiioniermn  of  agglutination.  We  shall  not  under- 
take to  consiiJer  this  subject  here,  but  rcsen'e  for  a  future  time 
a  discussion  of  the  significance  of  facts  bearing  on  this  question.* 

We  phall  content  ourselves  with  noting  that  the  exposure  o/ftpedjic 
sera  to  temperatuTes  ranip-nsj  from  05  to  75  degrees^  which  duHiKity 
enfeebles  their  agglulinotiTig  and  immobilizing  pojveTj  also  distiru^ly 
diminishes  their  sensiluing  poiver.  When  cholera  Berum  from  Ihe 
rabbit  has  been  heat<Ht  to  70  degrees  it  is  less  energetically  agglu- 
tinating for  the  vibrio  and  is  also  tilighily  ksa  soosiMaing,  Such  a 
diminution  in  strength  may  be  demonstrated  by  placing  vibrios  in 
contact  Willi  small  d^.-^C't  of  the  aerum  heated  to  -5o  degrees  arid  to 
70  dcifrees  rcspeciivetg.  These  emu^ions  are  not  equally  well  agglu- 
tinftted.  On  abiding  normal  serum  to  each  cmuMon  it  is  found 
that  the  granular  transformation  is  much  loss  e^^tensive  in  the 
emulaion  containing;  serum  heatL-d  to  70  dcgreea  than  in  the  one 
with  scrum  heated  to  55  licgret^,  A  similar  differt^nce  in  trans- 
fonnation  may  be  noted  in  vivo  on  intraperitoneal  injectioa  of  the 
emuif*ion-  Guinea-pigs  receiving  the  emulsion  with  senim  heated 
to  J>5  degree:*  have  an  exudate  showing  a  granular  transformation 
of  the  vibrios,  and  the  animals  recover:  in  the  other  animals  motile 
vibrios  remain  and  a  fatal  infection  ensues.  If  more  than  minimal 
dbacs  of  serum  are  employed*  the  diffcreucc  between  the  two  emul- 
sions naturally  is  not  so  distinct  >wc  may  repeat  that  the  weakening 
effect  of  heat  on  the  properties  of  the  serum  is  only  partial,     A 

'  Agglutmatifin  is  il  ix>mp]cK  phQnamonon,  ForoKampIc,  vrhcD  motilfl  boct^rii^ 
&re  coDcemed  a^lutiimtjoii  indudc:^  and  neceJKiUilea  an  jjumobilifiitiuu  uf  tbt^c 
bacccria.  It  has  not  bt^n  dptnoiistraled,  so  far,  vhi^ther  the  two  phenomc'Tm 
of  inuncbiliEation  uritl  [igglLitiniition  arc  due  to  the  same  Bubntdnce.  It  would 
Beem  prot>al>le  isben  we  i^nn^itli^r  liii-  exfH>r^meDlH  Ihat  we  have  alri:?;idy  p^rForjued 
Ukd  parliciilurly  (hivf^  denlinj{  n'ith  thi^pff^ct  of  <ult  H;iliitLon  an  oggliil  in&tioa  that 
rf^LutiuatJOD  depoDda  on  lUc  aoOpsratiua  oF  Sflvoml  diUcroat  itxatan. 
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similar  diniinutian,  aa  already  statoiJ,  [iiay  be  noted  on  heating 
rabbit  antihcii  scrum  to  a  temperature  of  70  degrees. 

The  spiLsitizing  |»ro|>erty  of  chulera  r^crum  fixim  the  guinea-pig 
is  weakejjwl  by  heating  to  a  lower  tenjperature  than  70  degrees,  as 
is  true  of  U^  imniobiUzing  and  i^ghUinating  pn>[>erty ;  the  WL?aken- 
ing,  indL-wJ,  is  verj'  dLstintTt  even  on  hi-ating  to  r>5  iiegri»*w. 

Are  there  sensitizing  profierties  in  normal  me^fs?  Ls  not  the  action 
of  the  alexin  in  these  sera  aided  by  some  other  substances?  It  is 
diffit^ult  to  answer  these  rjuestions  beeaiLHe,  so  far,  we  have  not  suc- 
ceciled  in  separating  alexins  from  the  other  subsLancer>  prtsent  in 
aenini.  On  combining  two  normal  sera,  however,  the  existence  of 
a  beiisilJKing  property  may  sonieliruoi!  be  shnwn.  For  exuniple, 
cholera  vibrios,  inmiobiUKed  and  agghitinateti  by  horse  serum,  are 
easily  transformed  to  graaulos  on  ihe  addition  of  normal  guinea^ 
pig  senim.  Mo  generalized  statement,  however,  should  be  mafJe  on 
the  basis  of  this  observation ;  ii  i^  not  safe  to  conclude  thaL  it  suffices 
to  agglutinate  bacteria  or  corputiulcs  in  order  to  sensitiao  ihem  to 
the  action  of  alexin.  For  example,  rabbit  red  blood  corpuscles, 
although  strongly  aggiutinatcxl  by  heateil  hen  >^enim.  are  no  more 
susceptible  to  the  alight  dissolving  offect  of  normal  guinea-pig  seruoi 
than  arc  nonnal  rabbit  uorjiuaclet^.  The  presence  of  agglutination, 
then,  does  not  indicate  any  particular  sentiti\ity  to  alexin.  An 
answer  to  these  questions  will  necessitate  further  study. 

CoNCLuaiona. 

I.  The  scrum  of  animals  trcatci  with  dclibnuatcd  bloml  from  a 
different  animal  gpccica  shows  active  properties,  consisting  in  the 
agglutination  and  energetic  di?(soiution  of  corpuacles  similar  to 
those  used  for  injection.  Thcru  it^  alr^^o  in  certain  instances  a  power 
to  produce  a  precipitate  with  scrum  (oi  deiibriaated  blooil)  similar 
bo  that  ii^e^l  in  immunization, 

IL  The  dissolving  action  of  the  active  serum  on  corpuscles  is 
due  lo  the  presence  of  two  substances:  one  that  belongs  properly 
to  the  active  serum;  the  other  (alexin)  which  occurs  not  only  in 
active  sera  but  also  in  nonnal  sera.  Tlic  first  substance  acts  by 
seTLsitizing  the  cor|Juscles  to  the  aetioo  of  the  second  sul>stanL"e. 
These  facts  are  strictly  comparable  with  those  already  established 
by  ua  for  cholera  serum  and  the  cholera  vibrio. 
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ITT,  The  iDjeetion  of  an  antihematic  serum  in  a  Dormal  animal 
of  the  aanie  spe<^it?s  that  famLshed  the  scrum  causes"  the  appearaJioe 
of  a  similar  |>roperty  in  the  serum  of  the  treateil  animal.  The 
oeourrence  of  this  hemolytio  property  j^hould  be  explained  as  wo 
esplainpcl  in  1S95  the  penesl^  of  a  bactericidal  property  in  the  scrum 
of  animals  treate<.l  with  cholera  serum.  In  other  words,  this  anti- 
hematic  property  occurs  as  the  result  of  a  rae<?linK  in  the  animal 
b^xly  of  iLe  characteristic  substance  of  aetivc  serum  with  the 
alexin  which  the  recipient  poa^^cssai  before  injection- 

IV.  Tlic  specific  antihcmatic  sui^^tanccs  characteristic  of  active 
scrum  resist  heating  to  55  degrees  and  combine  encrgelically  with 
the  corpuscles  tlicy  ai^t  on.  Washing  doc:^  not  remove  from  cor- 
pu^cles  their  agglutination  or  their  scasitization  to  alexin  ac^iuired 
by  contact  with  specific  serum.  In  this  respect  the  analogy  to 
bacteria  and  their  specific  sera  aL^o  holds, 

V.  -Mcxins  from  dilTerent  animal  species  although  ver>"  similar 
in  tbeir  action  on  a  given  Ijartrrium  show  distinct  differences  in 
their  action  on  corpu.sclps.  Tlie  wen.sitization  of  given  corpiLscles 
to  the  action  of  the  alexins  of  certain  Fini[iml  spr^ies  does  not  nece^ 
Barily  imply  that  these  corpuscles  are  equally  destroyeil  by  all 
alexins. 

VT.  Antibematic  .sera  have  also  a  distinct  antitoxic  property; 
they  protect  their  own  rorpuHcies  against  agghitinaticin  anrl  dis- 
solution by  the  normal  serum  used  in  injecting  the  animals  that 
have  pHKlucwl  the  active  serum, 

Vn.  There  is  a  clasi*  analogy  between  the  flctivi."  substances 
of  specific  sera  and  similar  properties  that  occur  in  normal  sera  in 
respect  to  the  effect  of  heat;  there  is  also  an  analogy  between  the 
substances  afTectIng  bacteria  and  those  affecting  reil  blood  cor- 
puscles in  this  resp<x^t.  Heating  tn  from  (iO  to  70  degrees  weakens 
both  the  agglutinating  and  the  sensitizing  property, 

Vlir,  Destruction  by  alexin  may  take  place  in  non-agglutinated 
corpuscles.  The  fact  that  corpuscles  are  clumped  by  serum  does 
not  necessarily  Imply  that  they  are  seusitized  to  the  action  of 
alexins. 


IX,    HEMOLYTIC  SERA  AND  THEIR  -\NTITOXINS.  AND 

THEORIES    CONCERNING    CYTOLYTIC    SERA 

IN    GENERAL* 

Br  JULES   BORDET. 


L    ADDiTtON'AL  Ideas  Concernino  Hemolytic  Sera. 

Ill  the  present  flrlicle  we  propose  to  con^i<ler  first  of  all  certain 
novel  facta  concerning  antiliematic  3era;t  thoae  sera,  as  we  know, 
are  obtained  from  animals  tiiat  have  been  treated  with  the  blood 
of  other  speciea.  We  shall  then  consider  the  principal  properties 
of  an  antitoxin  capable  of  opposing  the  destructive  effect  of  a 
hemolytic  serum  on  red  blootl  corpuscles.  And  finally,  we  shall 
take  up  the  theories  that  have  been  offered  to  explain  the  cytolytic 
properties  of  various  immune  sera  and  shall  consider  which  of  these 
thtforie^H  are  best  corroborateil  by  expcrimr-ntal  facts. 
In  the  fcjlkming  pages  we  shall  deal  with  a  single  liemolytic  aerum 
and  fur  thLs  purpfB^u  have  diosen  the  senira  of  guinea-pigs  treated 
with  rabbit  biood.  This  is  the  serum  that  we  first  iiseil  in  describ- 
ing antihematic  sera.  It  is  easy  to  obtain,  a^  guirea-pigs  furnish 
a  very  active  serum  after  rpceiving  two  or  three  injections  subenta- 
neou-sly  of  3  to  5  e.c,  of  defibrinatet.1  rabbit  blood.  The  serum  agglu- 
tinates and  destniys  rabbit  bloml  eorpunulcM.  but  has  no  effect  on 
the  eorpuselew  of  other  animals. 

We  descril>ed  the  prt^pertitis  of  this  serum  fully  in  a  previous  arti- 
cle (1898):  it  seems,  therefore,  scareely  necessary  to  consider  again 
in  detail  the  effect  of  the  two  substances  present  in  an  antihematjc 

•  Les  struma  h^rool3^iquea,  leura  onUtoxTucs  et  les  ib^riw  desfl^mms  cytoly- 
tiquea.     Atinalra  tie  I'lnatitut  Paatcur.  XIV,  liXX),  257. 

t  We  shri]lfr<H|ueDtlyuHOlhcpspresRion  'Miemolyticfl^ra,"  nr,  prefornhly,  "hf^mo- 
toxins"  to  dcsipuito  ikDiiin^ruit]?  s?ru.  IT  t\us  word  hcEOOtOKiik  K  used,  tJie  anci-' 
tDAiti  to  &  hemolytic  serum  should  be  caU1^l  nQtihetnotoxin.  Tbeae  temia  are 
eonv^QJPDL.  Tliey  wph'  suggesLed  hj  Mi^ichnikoJT,  whn  culled  a  ^ruin  lliat  was 
iplive  ai»aiiist  apermatoioa  a  apermntoiin  and  <jne  active  against  bucopytea  a. 
Iciicoloxin.  The  e?;prcfi9Lou  "cytolytic"  sera  or  "cylotoxinfl"  may  be  iipcd  to 
dk^^ignaip  various  Immune  Hem  that  ari^  able  to  dcBtroy  iNicceria  or  ceUs  like  r^ 
blood  cells. 
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serurUf  namely,  the  alexin*  or  oeUuUcuial  substance,  properly  speak- 
ing, destroyed  at  oo  degrees :  and  ihe  sensitizing  substance  or  specific 
antibody  (preventive  substance)  tbat  resists  heat  much  better. 
We  niUi^t  later  consider  these  fttcle  in  considering  the  theories 
concerning  bactericidal  and  hemolytic  sera-  We  may  mention 
simply  that  one  of  these  aubstance^i,  the  alexin,  is  found,  not  onJy 
in  imrtiuino  perum,  but  aL^o  in  normal  scrum.  The  function  of  the 
scnsilizing  substance  is  to  rcmicr  ihe  corpuscles  susceptible  to  the 
cytolytic  influence  of  the  alexin.  It  is  scarcely  necessary'  to  repeat 
in  the  following  cxpcrimcnUs  that  heating  to  55  dcRrec^  for  half  an 
hour  destroys  the  cytoiytic  activity  of  the  sera  employcd- 

1.  The  dissolvj'ng  properties  of  diffGrent  alexins  in  the  presaice 
of  the  sensitising  substartce. 

We  know  that  our  hemotoxin  loses  its  hemolytic  activity  when 
heated  to  55  degrees  and  that  the  addition  of  normal  guinea-pig 
serum  restore:*  its  primitive  energy;  thia  added  serum,  however,  ia 
only  slightly  cellulicii  lal  in  itself.  The  same  result  may  be  obtained 
by  nsing  normal  rabbit  serum  insteatl  of  normal  guinea-pig  serum: 
wc  have  already  mentioned  this  remarkable  fact  and  shall  frequently 
return  to  it,  that  the  alexin  in  normal  rabbit  serum  which  is  whoUy 
inoffensive  for  its  pmper  coipuscles  becomes  strongly  hemolytic 
for  them  when  a-vtoelateil  with  a  seasitiKing  subfltaiice.f  We  have 
then  two  liiffE-n^nt  alexins,  normal  rabbit  semm  and  normal  guinea- 
pig  serum,  either  of  which  can  ilestroy  sensitized  rabbtl  coqHJscles. 
Do  the  alexins  from  other  animals  act  in  the  same  way?  In  other 
words,  does  the  wensitiiiing  substance  increase  the  destructive  prop- 
erly of  various  nornjal  sera  c<msiderably? 

An  experiment  to  anj^wer  this  question  shows  that  sensitized 
rabbit  corpuscles  are  rapiijly  dissolved  by  the  normal  serum  of  the 
rat,  the  goat  and  the  dog,  none  of  which,  however*  without  the  addi- 
tion of  the  sensitizing  substance  is  more  than  faintly  destructive. 

*  We  think  it  quite  unneccflfl&ry  to  replare  the  word  altJtin  by  any  other;  thia 
word  WM  inlrciduccil  sumt  lime  iiko  by  Buchneraod  haa  been  frequently  employed 
by  TiLlmerous  ciLi9i?rvi?ra  und  bccanip  a.  customary  term.  1l  nmllem  MlUe  what 
word  is  Uiwd  provided  it?  rJ.[Enificmjoc  i"  undcrftood- 

t  l^c  may  meotJun  once  fur  all  that  by  the  noni  soiuitiEiag  subetan^  vTcmcan 
n  beiuulytic  arnim  hran-d  to  55  dt^reea  nnt]  so  deprived  oJ  afeiiin  and  cootaimng 
only  the  seCKitizmg  EtubetaQce  or  epecibc  antibody. 
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The  presence  of  the  seo^itizing  substance  then  increases  tbc  hemo- 
lytic power  of  lliese  sera  distinctly.  It  also  increases  to  a  less  extent 
the  activity  of  normal  pigeon  serum.  The  normal  som  of  the 
hen  and  the  goose  are  in  themselves  ver>'  hemolytic  for  rabbit  cor- 
puscles and  the  ad<Ution  of  eea^itizing  substance  docs  not  appear 
to  increase  their  properties  to  any  groat  extent. 

It  is  to  be  noted  that  guinea-pig  scrum  i.i  the  one  that  affects 
corpuscles  subjected  to  seoaitiaing  substance  most  actii'ciy;  thia 
serum  is  much  more  effective  than  rabbit  serum.  Verj'  large  doses 
of  rabbit  scrum  arc  necessary  to  destroy  scnsitizcfi  rabbit  corpuscles 
when  a  small  dose  of  sensitizing  substance  is  used  *  An  analogous 
fact  has  recently  been  obser\"etl  by  Buchticr.t  According  to  thia 
observer  bovine  retf  blood  corpuscles  treated  with  an  appropriate 
sensitizing  substance  from  the  rabbit  are  easily  destroyed  by  nor^ 
mal  dog  jspruni.  In  a  general  way  thi'>e  facts  have  Ixren  known  for 
some  time.  Five  years  ago  we  mentioned  an  analogous  series  of 
facts  in  showing  that  cholera  vibrios  treated  with  a  little  anli- 
cholera  sensitizing  substance  (that  is  to  say,  immune  serum  from 
a  goat  heated  to  55  degrees)  were  changed  in  vitro  into  roundish 
granules  when  subjected  to  normal  serum  from  the  guhiea-pig, 
rabbit,  rat,  man  or  goat.  More  recently  we  nxJded  to  this  list  sera 
of  the  dog,  hen  and  pigeon4  In  the^e  instances  the  sensitized 
vibrios  are  affected  by  the  alc^^lns  present  in  normal  sera. 

The  same  facts  hold  for  ciirpuscles. 

For  completeness  we  must  Rt'all  an  already  published  observa- 
tion. A  year  ago§  wg  first  mentioned  that  sensitized  corpuscles 
are  not  indiscriminately  dissolved  by  any  normal  serum,  op,  in 
other  words,  by  every  alesin.  For  example,  sensitized  hen  cor- 
puseles  (hemolytic  scrum  from  the  rabbit  heated  to  55  degrees) 
are  rcatlily  dissolved  by  several  normal  sera,  but  remain  quite  intact 
in  normal  hen  serum.  This  seems  then  to  be  a  certain  contradiction 
to  the  statement  that  sensiLized  rabbit  corpuscles  are  destroyed  by 
rabbit  serum.     When  we  mentioned  this  apparent  contradiction  a 

*  If  the  i»ncrgy  of  tlie  KensilistinE  suhatance  is  slighlly  iltniiniphei,  'Jirmll  tlosM 
of  rabbit  »niin  will  FrequcaUy  i&il  to  iJisAalvp  the  corpui^lt^,  ulttiougb  under  ths 
aamc  conditiona  nomukl  guincn-pii:  acriim  \s  Blill  very  effective, 

t  Munchrner  niediciDJadic  WocheQBchriftt  19U0. 

t  Soo  p,  180. 

fi  See  p,  173, 
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year  ago  we  eoid  that  the  modiRcatiaD  of  the  corpuscle  by  the  sen- 
dtizing  substance  might  be  hkened^  as  Fischer  has  done  for  diastases, 
to  a  change  in  a  lock  so  that  keys  that  could  not  previously  open  it 
were  enabled  todoso*  Insucha  way  certain  alexins  would  *' enter" 
a  sensitized  corpuscle  and  destroy  it;  and  other  slightly  difFerent 
alexins  could  notattack  it.  There  muat  exist,  then,  certain  suitable 
relations  between  the  acnsitizing  substance  and  the  alexin  em- 
ployed in  order  to  bring  about  a  destruction  of  the  corpuscles*  Wc 
fihall  not  insist  further  on  these  conceptions,  which  have,  indeed, 
been  made  use  of  by  Wa;3sermann  in  a  recent  article  * 

2.  TJt€  iderdiiy  in  a  gii'cn  scrum  of  Che  bacteriotylic  and  ike 
hemoli^tic  oieiin. 

A  normal  serum,  say  from  the  guinea-pig,  in  presenre  of  an  anti- 
cholera  sensitizing  subf«tancc  attack.^  vibrios  and  cau&ts  their  gran- 
ular transformatjon.  The  same  normal  serum  destroys  red  blood 
corpjuscles  in  presence  of  a  Iiemoiytie  sensitizing  substance.  When 
the  nunnal  serum  ia  heate^l  U^  55  degrees  it  has  no  longer  either 
bacteriolytic  or  hemolytic  effect  even  in  the  presence  of  appropriate 
sensitizing  substances.  This  fact  \s  explained  by  saying  that  heal- 
ing U}  5.5  ilegrees  destmyH  tlie  alexin,  whieli  causes  cytJ5lysis,f  The 
qupj^tion  arises  aw  tfj  whether  normal  guinea-pig  serum  contains  a 
singki  alexin  tliat  U  both  hemolytic  and  bacteriolytic^  or  several 
alexins,  one  or  several  of  which  can  destroy  bacteria  and  the  other, 
or  several  of  which^  preferably  attack  red  blood  corpuscles.  This 
question  is  open  to  experimental  proof. 

When  normal  cholera  vibrios  are  mixed  with  normal  guinea-pig 
serum  they  are  not  destroyed,  but  are  only  slightly  affected,  since, 
notbcingsensitized^tho  alexin  cannot  react  with  them.l  If  to  such 
a  mixture  wL-nsitlaal  corpuscles  are  added  (that  ia  to  aay,  rabbit 
corpuscles  plus  hcmotoxin  heatal  to  oo  depreet^)  we  find  that  tlicy 
arealoncedestroyai^  which  proves  that  the  normal  cholera  vibrios 
have  neither  traasformed  nor  fixed  the  alexin  necessary  for  destruc- 
tion of  cort)U5cleK. 

We  may  repeat  this  experiment  with  a  modification.     Wc  may 

*  WAascrTDAnn.  Deutsche  medic  in  bche  Wochcnachrift,  1900- 

t  KeaiinE  to  55  dpRroearlpflTrnyr*  lIio  cytuljlic  property,  not  only  of  guinea-pig 

Berumi  bjt  abo  of  6cra  Irotn  the  mhba,  ]-at»  goat,  tian,  ctCn 

t  Wc  already  moutjon^  tiumc  lime  oko  (see  p-  fiJ.  1395)  that  aorinaL  serum 

deairo^  few  vibrioe  unless  they  be  very  atteDii&t«l, 
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add  to  the  same  dose  of  aormal  guinea-pig  »c<rutD  uholera  vibrios 
sensitized  with  cholera  serum  lostead  of  normal  vibrios.  Under 
such  eonditions  the  sensitized  vibrii>s  ^how  rapid  granular  trans- 
formation. If  we  then  add  to  the  raixturej  as  we  did  in  the  firel 
experimeot,  aensltued  corpuscles  we  find  that  they  remain  mdefi- 
nitely  iutaet.  From  this  exijeriment  we  conclude  that  the  alexin 
necessary  lo  destroy  tho  corpuscles  was  use<l  up  before  they  were 
introducctL  In  the  presence  of  the  cholera  sensitizing  substance 
the  alexin  reacted  with  the  vibrios  and,  in  transforming  them  into 
granules,  was  fixed  by  them.  Conaeqa^rUly  ihe  <ikrin  thai  unites 
with  semHlized  vibrios  arid  alters  tfiem  is  identical  with  the  one  that 
produces  hemolysis* 

ExtERibENT,  An  emubion  of  vibriM  is  prepared  by  auapeDdiag  a  24'bour 
agAT  culture  lei  5  cCr  o[  salt  soLutioD.  The  cbolem  fctmiLLELng  subataace  emplayed 
ia  from  a  vact^ioared  rabbit  and  has  twAD  healed  lo  55  cie^repH.  As  a  control  for 
this  active  scrum  nctrmal  rabbit  acrum,  also  beatod  to  So  degrocfl.  ie  o^d. 

MixiLire  A.  0,5  c.c,  of  norjjiol  Ruinea-pi^  ocruju  pludO-3  c,c-  oF  cbolera  aeoHi- 
tuing  Bubfiance  plus  Q.5  c.c.  of  vi^^rio  emiilflion. 

MixturB  B.  0.6  co-  of  onnnal  guincu-pig  senim,  0,3  o.c.  oT  ooraifll  nabbit 
K'ruiD  (55  degrees)  plus  0,^  c.e.  uC  vibrio  cmulbioa, 

MlktUFD  C.     litpntical  with  A  hut  pnnt^ining  no  vibrios. 

Ad  bour'a  contact  ia  allowed  and  there  ts  then  addtKl  to  each  mijituro  0,12  of  a 
cubic  ceatimetft  uf  hemoBeUBiLuLiUft  eubetanCB  (55  dcKteea)  plus  2  dropd  of  washed 
rabbit  blooi" 

The  reaulta  oi  ihp  experiments  arc  as  Follova:  tbe  corpusclirs  uro  rtipidly 
detitnjyeii  Jn  B  and  C,  but  n?main  luLact  in  A. 

A  similar  experiment  with  the  cells  {bacteria  and  corpuscles)  used 
in  the  inverse  order  gives  a  similar  result.  We  know  from  the  work 
of  Ehrlich  and  Morgcnroth  as  well  aa  from  our  own  that  an  alexin 
that  does  not  destroy  given  ret!  blood  cells  is  oot  iixeil  by  them,  but 
is,  on  the  contrary,  AxmI  by  cellw  that  it,  can  dissolve. 

An  alexin  that  under  normal  circumstances  has  no  effect  on  a 
given  Mppiiiej^  of  coqjusclcs  ami  thert-fure  is  nut  fixeil  by  them  is 
fixtil  by  Uiese  same  corpuscles  when  they  have  been  tn-atetl  with 
a  suitable  sensitizing  substance.    The  fixation  of  the  alexin  by 

*  In  thfi  niajorily  uF  experimeuta  we  use  previoualy  naabed  blood  meieJid  of 
AJrapte  debbrioatt^  blood.  This  n-aahing^voe  ub  rixbhil  blood  oorpu9(!lcti  wilhout 
tlic  adclitioo  of  the  eenim  present  in  defibrinaled  blood.  The  eorpuaelei  are 
washed  by  adding  a  relntivrly  Inrgp  amounf  nf  Halt  >jo|li(  ton  lo  n  »<mii1i  amount  of 
de&brinatcd  bloody  ceQtnluyalumgr  aad  dec&utic^  tlie  fiupematjujt  AbUd, 
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sfnsitlzBci  corpur^des  is  the  imporlajit  fact  that  Ehrlich  a.a\  Morgen- 
roth  were  the  first  to  show  expori mentally  *  Tiiis  fact  would 
seem  txi  be  a  remarkable  confiniiation  of  the  iilea  that  wetJ^tablished 
soveral  years  ago^  namely^  that  under  the  iofluetice  of  s.  suitable 
Ecnsitizlng  substance  (preventive  substance)  the  aaimat  body 
directs  this  baetericidaJ  (or  cellulicidai)  power  particularly  against 
a  given  cell, 

Nonnal  rabbit  corpuscles  remain  intaet  when  mixed  with  fresh 
normal  guinea-pig  serum  and  the  alexin  is  not  absorbed.  If  we 
Bubsei^uently  a<ld  seasit,iae<l  cholera  vibrios  to  thia  mixture,  tliey  soon 
show  a  granular  transformation,  which  proves  that  the  fluid  con- 
t^ns  free  alexin.  But  if  in  another  tube  we  mix  normal  guinea- 
pig  scrum  with  rabbit  corpuscles  treated  with  a  hemosenaitizing 
Bubatance,  they  arc  destroyed,  absorb  the  alcxinn  and  peasitized 
vibrios  aubscqucntly  added  remain  nonnal  and  dhow  no  Iransfor- 
mation. 

ExpEHCUEJvr.  Aq  emubion  of  cholera  vibrios  ia  maJc  by  suspending  aa  a^ar 
cuItLirE  Lu  10  c.C-  uf  aulL  ^iolaLiutt.  About  &  third  of  iliia  volume  uf  cbol^ru  e<cruni 
from  the  rabbity  heated  to  55  degrees  for  tiall  ao  hour.  Is  then  added.  This  forma 
BH  cmulaion  of  aenaitucd  vibrioo.     The  blood  ti^tjd  ia  wiubod  rabbit  blood. 

Multure  A.  0,3  of  a  cubic  ctotimeter  uf  rubbit  biuul  plua  O.G  uf  a  cubic 
tentirnQt^rof  h«mE>lytJcr  serura  (55di?gree9)  plua  0,3  c,c.  normulguitiea-pig  serum. 
Complete  And  rj^pid  bEmalyaifl  occurs. 

Mixture  B.  Idcitlicdl  with  A  wittittic  cicpptiun  thut  0.11  of  &  cubic  cpntiiiii?t4?r 
of  normal  guLnca-pig  aGrum  (55  iJegree^i  ia  used  icstead  of  a  spccili?  ficrum-  No 
hcmolya'a. 

Mixture  C,  IdtutLcal  with  A  but  with  guiuea'plg  blood,  0,3  of  a  cubic  ceutH 
meter,  replacing  Lbe  rabbit  blood-  In  Ihia  mixture  there  is  tio  hem[j|y5ii*H  *£  the 
RuiotQ-pig  corpuflcica  arc  not  aJTcctod  by  frtsh  guinea-pig  aenira  and  heated 
hemolytic  ^rur^i. 

In  1  1o  1^  hour^  QA  of  a  cubic  centimeter  of  the  emulsjoa  of  seo^ilisr^d 
vibriw  is  adiled  to  each  mixture.  The  mixtures  arc  then  placed  in  the  incubator 
for  an  liuur  with  tlie  lolluxviu^  results:  iu  niixture  Ah  where  heniolj'^iA  took  place, 
the  vibruH  uader^o  no  trflnsformation.  There  id  compEote  granular  tronsForma' 
tio&  in  mixtures  B  and  C,  in  which  tbc  corpiiaclc^  were  intact. 

3-  The  Juation  by  corpuscles  oftfie  active  substances  of  hemolytic 
serum.     The  action  of  Uie  stromala. 

Rabbit  corpusclirs  when  mixeil  with  our  hemolytic  serum  pre- 
virmsly  heated  to  Tjd  degrees  remain  intact,  with  the  exception  of 
being  agghftinated.     Untler  the?<e  eondl  Lions  they  fix  the  seas! tizing 

*  See  "Collect^  Studica  on  Imrauaity/'  Ehrlich -Bolduan,  Wiler  &  Co,,  p,  1, 
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Bubstaoce.*  The  same  corpuscles,  when  mixal  with  dther  frcah 
hemolytic  scrum  or  a  [nixture  of  freah  normal  aerum  plus  heated 
hcmoljlic  scrum,  arc  destroyed.  Under  theee  conditions  it  is  easy 
U)  demonstrate  tl»at  they  have  hxed  both  the  sensitizing  substance 
and  the  alexin, 

Wc  may  now  consider  what  part  of  the  corpuscles  ab&orba  the 
active  substanccrs.  If  corpus^iicd  are  plateil  in  <Ji5tiUcd  water  they 
lose  their  hemoglobin,  as  we  know,  and  arc  rL^Juccd  to  transparent 
stronmta  floating  in  a  red  fluid.  We  may  determine  whether  the 
hemotoxic  subslances  are  fixed  by  the  substances  di,ssolveil  in  the 
laky  fluid  ar  by  the  stnmiala  sur^pendd^l  in  it,  F(»r.such  an  experi- 
ment tte  stnimala  arc  separaletl  from  the  fluitl  In  which  they  are 
su.^penjeil_ 

We  take  3  c.c-  of  defibrinatefl  rabbit  blood,  and  preferably  of  blood 
thai  has  been  washed  in  salt  solution.  To  this  is  ailded  15  c.c.  of 
distille*!  water  and  a  very  red  and  nearly  transparent  fluid  is  ob- 
tained. Micrfj&copieally  tlie  titromala  are  scarcely  visible,  are  very 
traas lucent,  with  a  full  rtmTiil  outline,  and  apparently  are  filled  with 
water.  To  i\\ih  laktil  n^\  fluid  is  abided  1  c.c.  oFdistifle*!  wat^r  con- 
taining 0-0975  of  It  gnim  of  stKiium  chloride.  The  atldition  of  thia 
salt  soluUon  rcsLort^  tht^  laknl  fluid  to  a  tonicity  corresponding  to 
normal  salt  solution.  ThL^  addition  of  salt  solution  produces^  an 
immediate  eloutling  of  tlie  nearly  transparent  fluid.  This  cloud- 
iness seille^  out  in  whitish  fleeks  which  gradually  fall  to  the  bottom 
of  the  tube,  leaving  a  clear  supernatant  fluid-  Microscopical  exam- 
ination shows  those  flecks  to  be  compose^l  of  agglutinated  stromata. 
These  stroniata  have  lost  their  very  tran-^parent  and  regularly 
rounded  fonn,  have  become  more  visible^  and  are  flattened  out  into 
thin  concave  disks-  "When  seen  in  cross  section  they  seem  to  have 
undergone  a  veritable  jila'^molysia  and  it  would  seem  as  if  the 
stromata  were  simply  inclosing  membranes  or  veritable  closed 
saes  that  swell  in  hypotonic  fluids,  and  contract  and  flatten  out  in 
more  concentrated  solutions- 

However  that  may  be,  the  fluid  is  easily  separable  into  two  parta, 

cither  by  deposition  or,  better,  by  centrifugalization:  an  upper  part, 

which  is  absolutely  limpid,  with  no  microscopically  visible  elcmenta; 

and  the  other  re<ldish,  opaque,  and  including  large  nnmbcis  of  sua- 

*  Aev/g  have  Alre&dy  prevuiualy  noted,  tliey  jUhi  fix  the  aggluiinui. 
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pended  stromatr&.*  To  equal  amutints  or  these  two  flmJa  equal 
amoimts  of  sensitij^ing  suhstaoce  and  of  alexin  (frorn  a  normal 
giii[ipa-pig)  are  addeil.  The  alexin  i^houM  not  be  in  too  large 
amount,  Tho  mixtures  an?  then  shaken  amJ,  after  a  certain  time, 
well-sensiiizal  rabbit  corpuscles  are  atidoJ  to  each  fluid.  It  b 
fouml  that  th<??ie  ['or[tii?^rles  arc  not  hnnolyzeil  or  are  only  slightly 
heniolyzed  in  the  HuM  containing  the  strouiata.but,  on  the  contrary, 
are  rapidly  disaolv&i  in  tlie  limpid  re<l  fluid-  From  this  experi- 
ment it  raay  be  conclutio*!  that  the  property  possessed  by  the  red  blood 
corjm-^des  nf  ahs^oThimj  alexin  in  presence  of  the  sensitizing  substance 
-U  due  to  their  ^trornata. 

For  another  experiment  a  suitable  dose  of  sensitizing  substance 
(that  is,  hemolytic  serum  heated  to  55  degrees)  may  be  added  to  the 
two  fluids.  After  shaking  and  allowing  to  stand  for  a  lim<?  the 
second  mixture  is  centriFu  gall  zed  to  separate  out  the  stromata.  and 
the  supernatant  fluid  is  decanted.  It  is  then  demomitrablo  that 
this  fluid  contaJm^  no  scnsitiaing  substance,  since  the  subsequent 
addition  of  red  blood  cells  and  normal  guinea-pig  scrum  ^ves  no 
hemolysis.  The  property  of  abmrbing  the  semitizing  substance  also 
belongs,  then,  to  the  .•^tromata. 

In  yet  another  experiment  it  may  be  shown  that  the  stromata 
absorb  alexin  when  the  aensilizing  substance  is  preaent.  whereaa 
they  do  not  fix  it  jf  the  latter  substance  is  absent.  For  this  experi- 
ment a  thick  emulsion  of  stromata  is  prepared  to  wliich  a  large 
amount  of  ?alt  solution  is  atided.  The  mixture  is  centrifugalized 
and  the  limpid  pinkish  supernatant  fluid  decanted.  The  washing 
with  salt  solution  is  repealol  until  the  emubinn  of  stromata  is  quite 
white  and  free  from  hemoglobin.  The  emulsion  Ls  then  divideil 
into  two  equal  parta^  to  e-ach  of  which  the  same  doae  of  alexin  (serum 
of  a  normal  guinea-pig)  is  atkled.  To  the  first  mixture  a  small 
amount  of  seasitizer  Is  then  aiMetl  and  to  the  set:oiid  the  same 
amount  of  norm^il  guinea-pig  senjm  also  heated  to  55  degrees.  It 
may  be  demnn.'it ratal  in  the  usual  manner  that  in  the  fir^t  mixture 
the  alexin  has  disappeared  from  the  fluiil  by  fixation  on  the 
stromata;  there  is  no  absorptiun  of  the  alexin  in  the  second  fluid 
containing  no  sensitizing  substance. 

*  It  is  well  to  dt'termiae)  of  cour&e,  that  tliero  nrePOUtactCdrpiuclcdreajaialng 

■izKmg  th£!«  sironiatA, 
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Tn  brief,  then,  re^Y  blood  corpuscles  owe  their  chftractpristic 
abfiorhing  pro[}eri,iefl  to  LliEir  stroinata.  la  the  property  In  rflbbit 
corpuscles  of  producing  a  hemolytic  power  when  injerteil  in  guinea- 
pigs  also  due  to  Hinr  stromaLa?  To  ariswt-r  tliis  <niestion  stromata 
that  have  been  freed  from  all  soluble  subsLanees  by  carefully  wash- 
ing in  salt-  solution  are  oblaineii  and  injcclwl  into  guinea-pigs. 
Each  guinea-pig  rc^c-L-ivcs  the  stmmatu  from  4  to  5  c.c.  of  defibri- 
nated  blofxJ.  Corresponding  guinea-pigs  are  injected  with  a  lim- 
pid reddish  fluid  containing  the  soluble  substance*!  obtained  from 
corpa^oles  by  treating  them  with  ihsiilled  watc?r  and  subsequently 
abiding  salt.  This  fluid  Is  llien  eentrifugaliaeil  to  deprive  it  of  sus- 
pended stromata.  After  injection  lasting  for  three  weeks  it  is  found 
that  guifiea-pig!*  injected  with  xtrr>mata  furnish  an  active  hemolytic 
serum:  those  that  receive  the  limpid  fluid  containing  hemoglobin 
have  a  serum  like  that  of  nonnal  guinefi-pig?. 


Corpuscles  fix  the  active  substances  of  hemolytic  serum.  Can 
the  nature  of  this  pl^enonienon  of  fixation  be  more  exactly  dctcx- 
mincd?  Is  it  a  question  of  truu  cticmical  combination  by  the  union 
of  certain  clenacnts  of  the  retl  blood  celk  with  tiic  active  principles, 
and  does  it  lake  plaee  according  to  fixeil  pn)portioiii=7  Or  should 
we  consider  the  fixation  by  corpuscles  as  more  like  a  dyeing  phe- 
nomenon? A  substance  to  be  d^'cd^  b^  we  know,  absorbs  extremely 
varying  amounts  of  the  dye,  so  as  to  take  ^hotles  of  varying  inten- 
sity. Tlic  amount  of  dye  that  is  fixed  is  subject  to  wide  variations ; 
chemical  reactions,  propcdy  speaking,  on  tiie  other  hand,  are 
characterized  by  a  reactioLi  in  definite  proportions. 

Wc  shall  not  consider  this  difficult  problem  fully,  aswc  have  not 
as  yet  sufficient  data,  hut  a  single  experiment  may  be  given  which 
may  prove  important  in  future  ^^tudiw  of  this  aubject, 

A  small  amount  of  tletibrinatcd  rabbit  blood  (for  example,  0.1 
of  a  cubic  centimeter)  is  added  to  a  certain  amount  of  fresh  hemo- 
lytic serum  (for  example,  0.4  of  a  cutnc'centimeter).  The  corpuscles 
are  rapidly  ile5troye<.l.  The  hemolysis  although  ^till  rapid  is  some- 
what slower  if  a  large  do^^o  of  blood  15  added  (aay  0.3  or  0.4  of  a 
cubic  centimeter).  The  destruction  of  corpuscles  naturally  enough 
vari^  in  rapidity  with  the  amount  of  blood  added  to  the  hemotoxin. 
And  yet  the  scrum  that  is  used  can  de^ttroy  completely  and  relatively 
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rapidly  an  equal  or  even  &  slightly  superior  volume  of  rabbit  blocxl. 
For  example  0.5  of  a  cubic  centimeter  of  Wood  adJed  to  0.1  of  a 
cubic  centimeter  of  scrum  ^vcs  a  complete  destruction  of  all  the 
corpa'^cte  in  about  an  hour. 

In  this  latter  experiment  wc;  have  supposeii  an  instance  in  which 
the  amount  of  bloovi  [O^o  of  a  cubic  centimeter)  was  addwl  all  at  once 
to  the  0.4  of  a  cubic  centimeter  of  ecrum.  But  the  blood  may  also 
be  addctl  in  fractions;  we  may  a*lil  to  the  0, 1  of  a  cubic  centimeter  of 
hemotoxin,  first  0.2  of  a  cubic  centimeter  of  bloo^l»  and  later  0.1  of  a 
cubic  centimeter  and,  after  an  hour  or  two,  a  third  U,2  of  a  cubic 
centimctcn  In  other  won:is,  we  determine  whether  a  given  amount 
of  serura  \s  uniformly  able  to  destroy  the  same  number  of  corpuscles 
whether  they  be  added  all  at  once  or  in  dividc<l  dosea.  As  a  matter 
of  fact  it  is  found  that  the  dissolving  property  of  seruni  ifi  rapidly 
exhau-stcil  if  the  blood  b  introduced  gratlually  in  small  amount^s, 
particularly  when  the  time  intervals  between  the  Joscfi  are  some- 
what prolonged.  We  find  that  0.4  of  a  cubic  centimeter  of  fresh 
hemolytic  serum — an  amount  capable  of  destroying  completely 
at  least  0.5  of  a  cubic  centimeter  of  blood  when  added  at  once  —  dis- 
solves no  more  than  0.2  ^)f  a  cubic  centimeter  of  blooii  if  the  cor- 
puscles arc  acldefl  to  the  senim  in  dividefl  (loses.  The  first  doses 
introduced  are  well  dl^sulvi^l  uulil  thi'  total  amount  of  bliH*!  aildi^il 
is  about  0,2  of  a  cubic  centimeter,  but  r^uliscqueutly  aildeil  coquiscles 
remain  intact.  At  least  twice  b^  much  blo*»<l  then  may  be  dis- 
solved when  atlded  to  senim  all  at  once  as  when  added  in  divided 
doses.  It  is  evident  that  in  the  latter  instance  the  fir><t  coqiuscles 
added  become  in  some  manner  supersaturated  with  the  aetive  sub- 
d  exhaust  the  fluid  so  that  it  becomes  inactive  for  other 
[es.  In  other  words,  the  firet  corpuscles  absorb  more  aetive 
suljsIaiK'es  than  is  necessary  for  their  dissolution. 

This  seem■^  to  us  to  favor  the  conception  tliat  the  absorption  of 
uclivo  prinriples  by  the  corpuscles  should  be  compare<l  to  a  dyeing 
phenomenon.  In  such  phenomena,  as  we  know,  the  substances  to 
be  dyed  absorb  varying  amounts  of  the  dye  under  conditions  that 
are  quite  fiimilar  to  those  just  outlined  for  corpuscles. 

If  we  pour  10  c.c.  of  a  dilute<l  rather  pale  solution  of  methyl  violet 
in  a  crystallizing  dish,  a  piece  of  filter  paper  placed  in  it  becomes 
colored.    It  sooq  takes  on  a  uniform  pale  tint,  while  the  Suid,  as  it 
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ia  exhaust.eti,  becomGs  decolorized.  Let  us  now  take  the  same 
amount  of  coloring  fluid  tind  a  piece  of  filter  paper  of  exactly  the 
same  size  as  before.  Insteai:l  of  plunging  tliis  entire  piece  of  paper 
Into  the  fluid  we  cut  it  up  into  pieces.  When  wo  place  the  ftrst 
piece  of  paper  in  the  fluid  it  takes  on  a  very  dark  sha^lo  and  de- 
prives the  coloring  fluid  of  a  goo^i  deal  of  ii^  color.  We  then  add 
a  second  fragment  of  paper,  and,  after  another  interval,  &  third. 
These  latter  pieces  take  only  a  vei^-  faint  tin^^e  owinp  to  the  more 
or  less  complete  decolorization  of  the  fluid.  The  fluid  soon  becomes 
entirely  decolorized  and  the  lii^t  fragments  added  remain  quite  white. 
By  analog  we  may  consider  that,  in  the  first  instance,  when  red 
blood  corpuscles  are  oddixl  in  a  Binglo  doeo  they  bc?comc  sus- 
ceptible to  a  loss  of  heraoglobinT  although  they  only  ''stain  faintly" 
^■ith  the  active  principles,  but  that  in  the  latter  conditions,  when 
added  in  dividctl  doses,  they  absorb  a  much  larger  dose  of  these 
substances  and  so  exhaust  the  scrum  and  prevent  the  deatnicLion 
of  subsequently  added  eorpusclce. 

It  i^  difficult  to  understand  just  how  alexin  destroys  sensitized 
corpuscles  and  causes  their  hemoglobin  to  pass  out.  We  may  men- 
tion a  fact  that  may  have  some  bearing  on  researches  along  this 
line.  We  add  dcfibrinated  rabbit  blorxl  to  a  rather  small  dose  of 
hemotoxin  and  wait  until  hemolysis  is  complete.  At  the  aamc  time 
we  add  a  corresponding  amoont  of  normal  guinea-pig  serum  t^i  the 
same  amount  of  blood,  in  which  case  the  corpuscles  remain  intact. 
Wc  then  add  to  each  mixture  a  large  amount  of  distilleti  water,  wliich 
will  destroy  the  corpuscles  in  the  second  mixture  afi  wcLl.  Wc  have 
then  two  fluids;  in  the  first  the  corpuscles  have  been  destroyed  by 
active  serum  and  in  the  second  by  distilleil  water.  To  each  of  these 
fluids  wc  then  add  sufficient  salt  to  render  them  isolndc.  In  the 
mixture  in  which  the  corpuscles  were  dissolved  by  distilled  water 
the  stroEnata  show  energetic  plasmolysis  and  retract.  In  the  other 
fluii!  containing  heniotoxin  the  stromata  keep  their  primitive 
niiindi.'"]  form  and  ap[>uteatly  do  not  >ihow  any  effect  from  the 
inrrea^ttl  concentration.  It  would  seem  as  if  the  alexin  from  the 
active  serunj  ha^l  ilestroye'I  tir  digft*teil  something  in  the  corpuscles 
thai  hanto  do  wUhtfie  aclioii  of  piusmotysift  aTid  plientftrietia  of  osniosij. 
The  diffusion  of  soluble  hemoglobin  would  perhaps  be  the  result  ot 
such  destruction. 
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II.    The  Antitoxin  to  Hemolytic  Serum, 

A  serum  wilb  antitoxic  properties  for  the  hemotoxtn  that  we 
have  been  considering  ia  the  preceding  pages  ia  easily  obtMneiJ. 
It  is,  in  tither  u'ortls,  a  substance  capable?  of  protecting  rabbit  cor- 
puscles from  the  destructive  power  of  our  hemolytic  serum  *  This 
hemolytic  scrum,  as  already  shown,  15  toxic  for  the  rabbit.  When 
injcctttl  indoscsofoc.c.  or  thereabouts  intravenouiily  it  killa  almost 
inaliintancouslj-.  A(  autopsy  clota  bathed  with  reddish  Bcrum  arc 
found  in  the  heart  and  large  vessel:?,  which  indicates  that  hemolysis 
has  taken  place  in  vivo.  Di^cminateLl  hemorrhagic  cEyu^ions  are 
fijgo  frequently  foimci  in  the  kidney  and  muscles*  particularly  in  the 
psoas  muscle.  The  hcmotoxin  when  injecteil  subcutaneously  into 
rabbitsinaamolldoscproducesnosevereeffcct  and  animold  treated 
in  this  manner  acquire  an  antit<]xic  power  in  their  serum. 

The  hemotosin  ia  injected  two  or  three  timesn  at  intervals  of 
15  days,  in  a  dose  of  from  2  to  3  cc.  The  rabbits  are  then  bled 
12  to  15  days  after  the  last  injection. 

The  antitoxic  [antihemolytic  or  an ti hemotoxic)  serum  obtained 
by  this  relatively  short  treatment  ia  not»  to  be  sure,  very 
powerful;  it  is  sufficiently  so,  however,  to  permit  a  study  of  its 
projTprlics. 

The  simplt^t  experiment  to  ilcmonstraLe  its  antitoxic  property 
consistpS  in  a<hling  a  relatively  largi^  ilose  of  freshly  obtained  anLi- 
toxic  eerum  to  a  small  amount  of  frewh  hemolytic  serum.  To  this 
mixture  is  lhenailde<l  a  small  amount  of  rabbit  blood.  As  a  control 
&  mixture  of  hemolytic  serum,  rormal  rabbit  serum  and  rabbit 
'blood  Ls  ifjade  at  the  same  time  and  in  the  same  projjortions. 

If  (he  (h.ise  of  antitoxin  is  sufHcienl,  no  dissolution  of  corpuscles 
tttkes  place  in  the  firet  niixturt\  In  the  second  mixture,  on  the 
contrary,  containing  the  same  dose  of  nonnal  rabbit  serjm  instead 
of  onlitoxic  serum,  ik-  corpuscles  arc  destroys!. 

In  such  an  experiment  a  considerably  greater  dose  of  antitoxin 
than  of  hemoIj"tic  serum  (10  to  20  times)  must  be  used  to  protect 

•  We  IiavB  already  shown  {see  p-  IT5)  thnt  an  anlihEmotytic  aatiloxio  similar 
to  that  described  by  ramus  and  Gl^y  and  Kosscl  for  ee\  fterMra  may  he  obtainwl. 
The  eoruai  that  wt?  described  oppuerd  tKc  hcioolytko  cfToct  uF  bca  scrum, 

Metcbnikoff  has  recently  Joacribed  an  aQtispermaUiiiQ  (Aaoalcs  de  I'lnfltilut 
pEBtcur,  ItKX),  No,  I>, 
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the  corpuscles  properly.  It  will  be  recalled  that  in  these  experi- 
ments wc  employed  on  active  Lemotoxin  from  guinea-pigs  that  have 
receivwl  three  injections  of  4  to  5  c.c.  of  rabbit  blood- 

We  ciay  note  at  once  that  the  antitoxic  serum  is  in  reality  more 
active  (ban  would  seem  from  this  preliminary  experimejit;  by  a 
very  simple  procedure  it  n^ay  be  matle  to  neutralize  iiiu[;h  larger 
quantities  of  hemolytic  seruuj  jjerfectly.  If  the  serum  is  hL-ated 
to  5t)  degrees  it  is  found  that  three  or  even  two  volumes  of  anti- 
toxic sfTum  will  completely  neutralize  one  volume  of  fresh  hemo- 
lytic SL^rurn, 

As  we  shall  presently  seCj  the  explanation  of  this  fact  is  simple. 
When  Lhe  antiU'txic  serum  i«  fresh  it  contains  an  excess  of  rabbit 
alexin,  whidi,  in  l.lie  prtsfuce  of  the  sensitizing  substance,  is  dan- 
gerous for  the  rabbit  corpuj^cles.  In  order,  Lherefore,  to  demonstrate 
its  maximum  protective  power  one  should  eliminate  this  harmful 
substance  by  heating  the  serjin  to  55  degrees. 

That  the  antitoxic  serum  does  jxjssoss  an  alexin  capable  of  de- 
stroying rabbit  corpuscle:^  when  the  sensitizing  substance  is  present 
as  well  as  normal  rabbit  serum,  is  easily  demonstrable.  On  mixing 
hemolytic  serum  heatei.I  to  55  degrees  with  equal  parts  of  fresh  anti- 
toxic scrum  and  adding  a  small  amount  of  rabbit  blood  we  find  that 
the  corpuscles  are  dist^olveil.  This  destruction  U  duo  to  the  alexin 
in  the  antitoxin  since  there  is  none  in  the  hemolytic  serum.  If  we 
should  add  toogreat  a  dose  of  antitoxin  tfj  the  sensitizing  substance, 
there  would  be  no  hemolysis.  For,  as  wc  shall  sec,  the  sensitizing 
substance  will  have  been  neutralized  and  under  these  conditions 
the  alexin  in  the  antitoxin  can  have  no  harmful  effect  on  the 
corpuscles-  In  the  presence  of  the  sensitizing  substance,  then,  a 
small  <iose  of  antitoxin  destroys  the  corpuscles  but  a  large  ilose 
protects  them- 

In  orlcr,  then,  to  study  the  propcrtica  of  the  antitoxin  to  best 
advantage  it  la  better  to  heat  the  serum  to  55  degrees  as  a  general 
procedurc- 

Aniiecnsitising  substance  and  anii-alezCn. — We  know  that  hemo- 
lytic serum  destroys  rabbit  corpuscles  o^^ing  to  the  action  of  two 
distinct  subfllaocea:  the  specific  sensitizing  substance  [antibody  or 
preventive  subs-tance)  and  the  alexin.    This  latter  substance,  which 
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occura  in  normal  rabbit  scrum,  attacks  rabbit  corpuaclea  treated 
ftith  ihe  gcnsittaing  substance. 

Since  hemolytic  serum  haa  two  active  subatancea,  both  of  which 
must  be  present  to  jjroduce  hemolysis,  it  is  at  once  cindcnt  that 
the  antitoxin  may  protect  con^uscles  by  neutralizing  either  one 
of  these  substances.  AVhicb  substance,  then,  does  the  antitoxin 
neulralue?     Or  dots  it  affpet  thpm  both  siniuitaneoa'sly  ? 

Tlif  following  t\xpenmrnl.s  that  we  are  aU^ut  In  ilescribe  answer 
this  nutrition:  hub  we  may  state  the  conclusion  at  once,  namely, 
that  antitoxic  serum  neutralizes  both  ihe  sensitizing  stdislance  and  the 
alexin  of  hemolytic  serum. 

In  oi\ler  to  demonstrate  the  neutralizing  efFect-  of  the  antitoxin 
for  the  aensttiaing  substance  we  make  use  of  the  fact  that  rabbit 
CoriiLij^cles  afTectetl  by  the  sensitizing  substance  may  bedestroywi, 
not  only  by  nurmal  guinei>pig  serum,  but  also  by  normal  rabbit 
serum,  Normal  rabl^it  serum  is,  oFcourst\  under oniinary  conditions 
(|uite  hamdess  for  rabbit  corpuscles  and  it  therefore  serves  os  an 
oxeellent  indicator  of  the  presence  of  the  sensitizing  substance  in  a 
fluid.  It  may  be  sliown,  mcreover,  by  a  suitable  experiment  that 
our  antitoxin  from  the  rabbit  has  no  neutralizing  effect  on  rabbit 
alexin.  Consequently,  if,  In  a  suitably  chosen  mixture  of  heated 
hemolytic  serum^  heated  antitoxic  serum,  and  fresh  nonnal  rabbit 
senmir  subeequentiy  introduced  corpuscles  remain  intact^  we  may 
conclude  that  the  sensitizing  substance  of  the  heated  hemolytic 
ficnim  has  been  neutralized  by  the  antitoxin-  The  contrul  naturally 
is  ccmp0i?i.^l  of  identical  dosca  of  caeh  substance  with  nonnal  rabbit 
scnira  heateiil  to  55  degrees  replacing  the  antitoxic  serum.  In  auch 
a  control  mixture  corpuscles  Ireatei.!  with  sensitizing  auljatance  are 
easily  destroyed  by  the  alexin  present  in  the  normal  rabbit  serum. 

Fn:>ra  such  experiments  we  learn  that  the  an tisenaiti zing  function 
of  our  antitoxin  is  only  slightly  developed,  and  at  least  15  parta  of 
antitoxin  are  necessary  to  neutralize  the  sensitizing  substance  in 
I  part  of  heatetl  hemolytic  serum.  The  intensity  of  the  anti- 
alexic  property  in  the  antitosdn  ia  much  greater. 

To  demonstrate  the  anti-alexic  property  a  mixture  of  antitoxin 
(55  degrees)  and  a  rather  large  dose  of  fresh  hemolytic  aemm  ia 
uacd.  For  example,  two  parte  of  antitoxin  and  one  part  of  hemo- 
toxin  are  mixed  together  and  rabbit  corpuscles  added.    These 
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corpusclcs  rcmaia  intBct  even  after  a  long  time.  But  if  a  smojl 
amount  of  fresh  rabbit  scrum  is  fl<lcleti  to  tbc  inixturcj  a  rapid  dis- 
solution takes  place,  although  thia  added  serum  is  in  itself  harmless 
for  the  corpuacies*  This  shows  that  the  original  mixture  contained 
an  cxceaa  uf  scn^^itizing  substance,  as  demonatrateil  by  the  destruc- 
tion of  the  corpuscles  on  the  addition  of  uormal  rabbit  scrum- 
Consequently,  although  thu  ori^aal  mixture  did  not  affect  the  cor- 
puscles, there  was  no  lack  of  sensitizing  substance  and  the  protec- 
tion is  due  to  the  n  cut  rah  z  at  ion  of  the  guinea-pig  alexin  also 
present  in  the  fresh  hemolytic  serum  by  the  antitoxin. 

To  show  the  anti-alexic  activity  in  another  way  wc  prepare  a  mix- 
ture of  1  c.c.  of  fresh  normal  guinea-pig  serum  and  2  or  3  c.c,  of 
antitoxin  (55  degrees).  As  a  control  a  mixture  1  c.c.  of  fresh  guinea- 
pig  terum  and  2  or  3  c,e.  of  normal  rabbit  ^^erum  (33  degrees)  is 
aLsiJ  made.  To  each  mixture  is  mlded  a  strong  i^nough  do^e  of  sen- 
aitiziug  substance  theated  hi'molytic  serum)  to  reaieit  m-ulrahzatiou 
by  the  antitoxin;  rabbit  corpuscles  subicxjucntly  adde*!  to  each 
mixture  remain  intact  in  the  finst  and  are  destroyed  in  the  secon*J> 
To  make  tliLs  experi[iieiit  more  conclusive  a  sectJiid  contml  Jiiay  be 
prepanxl  coutiutung,  like  the  fin^t,  antitoxin  and  sensitizing  sub- 
stance, but  with  the  uomml  guinea-pig  .'^eruiu  replaced  by  bj\  eijual 
amount  of  ntjmial  rabbit  serum.  This  mixtua'  destroys  corj:iuscies, 
which  proves  that  the  dose  of  sensitiziug  substance  uswl  was  larger 
than  could  be  di^^troyed  by  the  antitoxin;  and  it  proves  aLno  that 
our  antltoxiu  altliough  effective  against  guinea-pig  alexin  has  no 
effect  on  rabbit  alexin. 

The  idea  that  antitoxin  has  only  a  weak  " antisensiiizing "  power 
whereas  it  has  a  wry  much  more  distinct  "anti-alexic*'  power 
explains  very  clearly  the  fact  that  we  have  already  noted,  namely, 
that  heated  antitoxin  combats  the  effect  of  frcsli  hemolytic  aera 
better  than  non-heatccl  antitoxin.  A  moticrate  dose  of  antitoxin 
added  to  fre^h  hemolytic  serum  may  neutralize  the  alexin  of  this 
hemolytic  scrum,  but  leave  a  certain  amount  of  sensitizing  substance 
still  active. 

If  liic  antitoxin  has  not  txicn  heated,  it  contains  an  additional 
dose  of  alexin,  which  aids  in  the  destruction  of  corpuscles  the  sen- 
sitization of  which  it  has  not  been  able  to  prevent.  AVhcii  heated 
to  55  degrees  it  does  not  have  this  disadvantage;  it  has  then  only 
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one  of  the  active  substances  of  the  bemolytle  aeruia  to  neutralise 
in  order  to  protect  the  corpuscles^  namely,  thu  aJexiD,  Before 
beating  it  must  neulraliac  completely  not  only  tho  alexin  but  also 
the  sensitizing  substance- 
It  is  very  probable  that  the  anti^cn&itisiTig  ^stance  and  the  anli- 
alcxin  are  two  distmct  suhtitances.  An  antitoxin  supers  at  uratai  with 
sensitizing  subatancc  still  rctoana  intact  its  property  of  neutralizing 
normal  guinea-pig  alexin, 


A-nlikemoiyiic  and  antibaderiddal  properli^  of  the  arUitorin:  — 
In  bleeding  three  guinea-piga,  the  first  norntal  without  any  treat- 
ment, the  scconil  treated!  I'ly  injection  uf  rabbit  blootl.  the  Ihini 
immunizevl  against  cholera  vibrio,  we  know  that  wc  shall  obtain 
three  different  sera  each  pa^^essing  the  same  alexin.  The  itlentily 
of  the  alexin  of  normal  serum  with  that  of  immune  serum  i^  one  of 
the  important  poiiit.s  in  the  theory  we  offered  five  years  ago  to  ex- 
plain the  miTile  of  action  of  prcventjve  sera  on  vibrios^  a  theory  to 
which  we  f^hall  later  return.  Two  of  these  three  sera  are  inunune 
sera,  and,  although  identical  as  regards  alexin,  diJTer  profoundly  in 
their  antibodies  or  sensilising  substances.  The  identity  of  the 
alexin  in  normal  and  immune  sera  explains  why  normal  serum  can 
restore  the  (mgiiial  th^tmctivi:  pn>|H"rIii-s  n(  variinis  heatetl  im- 
mune Hera  d<-[irivttl  of  thi-ir  alexin  iudi[Terently,  If,  tlierefore,  we 
add  In  nonnal  guinea-pig  serum  cuntaining  alexin  an  antl-alexin 
neutralizing  ihi.s  latter  substance,  the  normal  serum  should  become 
incapable,  nol  only  of  dissolving  sensitizeil  red  blootl  cells,  but  also 
of  producing  a  granular  traosfonnation  in  cholera  vibrios  treated 
with  cholera-sensitizing  substance.  An  our  antitoxin  neutraLzes 
guinea-pig  alexin  we  should  expect  it  to  protect  various  sensitized 
cells  against  the  effect  of  I.hLs  alexin.  Such  an  antitoxio,  therefore, 
would  be  both  antihomolylic  and  antlbactericidal. 

Experiment  coiiTinus  these  ^^  up  positions.  On  Tntring  aTtllhjj:in 
(55  degrees)  imtk  a  certain  amount  of  fresh  normal  tjniriea-pig  srrum 
we  rejnove  both  its  property  of  restoring  cdluiicidal  activity  to  hemO' 
lytic  seT^m  and  aUo  the  poicer  of  restoring  the  bacttmcidol  property 
to  anlicholera  serum  {5!}  degrees).  But  if  we  use  normal  rabbit  serum 
instead  of  normal  puinea-pig  serum  the  antitoxin  no  longer  ehow:& 
any  protective  property  either  for  vibrios  or  corpuscles.     Although 
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active  against  gulnca-pig  alexin  it  has  no  effect  on  rabbit  alexin. 
Experimental  details  follow: 

Ad  Qmubion  of  eoDaitiifld  cbolera  TibfioB,  prcpv^  hy  BuepBnding  an  ogflJ 
ciiliure  in  1 0  c-c,  tjf  oalt  Aotalion,  lutd  adding  2  c.c.  of  cholera  nruoi  Irom  o  rabbit 
heated  Ut  5G  degr&vs.  is  UB?d. 

I.     MlXTCRES   COSTTAINIWO   SEWeiTlIED   VtBRIOa. 

a.  Frwh  normul  guiDea-pig  fleruni,  0.2  c.c;  mtitoxiii  (55  degrws),  0.4  e.c- 

b.  Freali  tkonnal  guitiea-plg  SBTumt  0,2  c.c;  normoJ  rabbit  scrum  {55  de- 
grees), 0,4  c,[j, 

c-  FrpsU  normal  rabbit  serum,  0,2  c.ti,;aotH[>xm  (55dcgreea|,  0.4  e,C- 
d.  Fn-ali  mjrmalrabbitaurum,0.2c.c.;EiorQHLl  rabbit aeruni  (o5Jc:grwa>,0.4c-c. 
To  caeti  of  ibffio  four  mixtures  0.2  c.c.  cf  an  cmulBioit  of  BoositiiMi  vilirios  e>i 
tboa  adili^d.  The  mixturcE  are  left  for  an  hour  al  37  degrees.  Grajiular  traoa- 
forukatioD  i:;  complete  la  mbtluren  b,  c.  and  cf-  The  vibrioa  m  mixture  a,  con- 
taining guiuea-pig  alexin  ueutroliied  by  ODtitoxta,  on  the  contrary,  have  kept 
their  normal  appearance. 

n.     MlXTCRLa    CONTAININQ   GENSm£EI>   BlQOD. 

TIlia  blooiil  cooai^t.^  of  0.2  of  a  cubic  centimeter  of  rahhlt  blood  (previously 
vrash4!d  in  '<iU  rtrjIuTinnj  plua  \  c,e.  i>f  herootytic  serum  heated  lo  55  dtgrees. 

t.     Identical  wilh  a. 

/,     Identical  with  h. 

g.     Iilentieul  with  c- 

To  each  of  theso  mixtures  0.1  c.c-  of  the  senaitiaed  blood  is  added.  The  Cop- 
puaclea  are  rapidly  dissolved  In/,  Icsa  rapidly  in  g  and  remain  intact  in  a. 

For  the  enke  of  mmplcteness  we  may  mention  that  the  barteri- 
citliil  effect  ia  eviilent,  not  only  hy  granular  transformation  of  the 
vibrios,  but  by  their  c<iniplete  i.lestnittioD,  as  shown  by  inoculating 
agar  tubes  with  the  mlxtiin^.  In  ibis  way  we  fiiiJ  that  a  small 
aniuunt  nf  sensitizal  vibri(w  mi^taJ  with  normal  giiinea-pig  i^erum 
plus  nonnal  rabbit  si?rnm  (55  tiegrees)  becomes  eompletely  sterile. 
The  same  ilose  of  vibrios  mixed  with  gulnea-pig  serura  plus  anti- 
toxin from  the  rabbit  (55  degrees),  on  the  contrary,  remains  alive; 
cultures  from  this  mixture  on  gelatin  at  ioterv&la  show  Dumeroua 
colonies. 


The  specificity  of  the  anii-aleric  action  of  the  arUiloin^ru — Our  anti- 
toxin neutralizes  the  alexin  of  guinea-pig  scrum,  Wc  have  already 
notod  that  it  has  no  effoct  on  the  alexin  of  rabbit  serumn  Docs  it 
affcpt  the  alexins  in  sera  from  other  animal  species?  This  may  be 
anawercil  experimentally  by  abiding  dos«i  of  fresh  scrum  from  difler- 
cnt  animals  to  a  mixture  composed  as  follows: 
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Antitoma^  55  degrees;  fresh  alexie  serum  to  be  tested;  sensitizer 
in  sufficient  dose  (thai  is,  hemolytic  serum  heated  to  5o  degrees). 
The  effect  of  this  mixture  on  subsequently  added  rabbit  corpuscles 
will  indic&le  whether  or  not  the  alexin  in  the  serum  added  is  neu- 
tralized by  the  antitoxin. 

A  control  series  is  made  with  similar  mL'ttures  contflioing  normal 
rabbit  scrum  (55  dogrcosi  in  place  of  antitoidn.  This  aerios  shows 
the  intensity  of  corpuj^lc  destruction  by  the  combined  action  of 
the  Bcnsitiaer  and  the  nonnal  ^cra  when  antitoxin  L'^  absent. 
A  third  series  containing  normal  rabbit  serum,  55  degrees,  plus  the 
fresh  normal  sera  under  considcraLion  but  ^^-ilhout  sen^itiacr  is 
also  useful;  this  scries  indicates  what  disaolving  properties  are 
present  in  the  normal  ecra  alone  without  any  senatizer.  The 
rabbit  blood  added  to  these  mixtures  should  previously  have  been 
washed  in  salt  solution  in  order  to  free  the  corpuacles  from  rabbit 
scrum  H 

Without  going  into  minute  details  of  the  results  of  such  experi- 
ments we  may  state  that  the  antitoxin  neutralizes  guinea-pig  alexin 
efficiently,  but  has  no  effect  on  alexin  from  the  rat,  dog.  rabbit,  goat, 
goose  or  hen. 

It  does,  however,  have  a  distinct  neutralising  effect  on  pigeon 
alexin.  We  may  therefore  conclude  that  thLs  anti-alexic  activity 
is  relatively  but  not  absolutely  specific-  With  a  certain  exception 
(pigeon  alexin!  our  anti-alexin  has  no  neutralizing  effect  nn  any 
animal  species  testerl  except  the  guinea-pig-  These  ret^ults  confinn 
distinctly  the  idea  that  the  alexin  in  the  sera  of  diPferent  animal 
species  is  not  uniformly  identical;  this  idea  was  already  pnihable 
from  the  fact  that  the  C(»rpuscles  nf  a  given  species  are  attacked  by 
foreign  normal  sRra  with  ao  intensity  that  varies  according  to  the 
species  from  which  this  serum  has  been  obtained. 


The  diTEci  action  of  tfie  aiUiloxin  on  the  ioTt'n.  —  Our  anti-alexin 
counteracts  the  harmful  effect  of  guinea-pig  alexin  on  rabbit  eor- 
puseles.  There  an?  reasons,  moreover,  for  believing  that  anti-alexin 
combines  with  alexin  or  acts  directly  on  this  toxic  substance  by 
deKtroyiiig  or  modifying  it.  This  conclusion,  however,  cannot  be 
accepted  offhand,  as  proven.  We  might  imagine,  perhaps,  although 
it  seems  scarcely  reasonable,  Lliat  antitoxin  has  no  effect  on  the 
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alL'.'dn,  but  that  in  some  way  it  prevent.s  the  coqtuscles  from  yielding 
to  its  harmful  effect.  As  is  weil  known^  various  observers  and  in 
particular  Cherry  and  Martin,  in  their  study  of  other  toxia?  and 
antitiixini^,  have  ofTerwl  eertain  facts  that  favor  the  hypothecs  that 
antitoxins  att  direetly  on  toxins. 

It  is  worth  while  considering,  however,  whetlier  this  liyjx>the??is  is 
exact  so  far  aa  our  toxin  ai»l  antitoxin  are  concenied.  Two  ques- 
tions immeilialply  arise  on  com;  I  deration  of  this  subjeet:  firetj  if  to 
Lhe  first  of  two  Lubes  containing  the  same  amount  of  antitoxin  there 
]s  added  a  little  fresh  ak^xin  and  to  the  .second  the  same  amount  of 
serum  heated  to  55  degreeSj  and  if  both  mixtures  are  then  heated 
to  55  degrees,  shall  we  find  that  their  antitoxic  effect  on  a  new  dose 
of  fresh  active  serum  is  the  same?  Or  this  question  may  be  ex- 
)jrtsse(.i  in  another  way :  when  alexin  has  been  heated  to  55  degrees, 
and  has  thereby  lost  il^  toxii^ity  for  corpuselet',  will  it  still  neutralize 
as  much  antitoxin  as  it  ooiiid  before  being  hcaleil?  Second :  does  a 
neutral  mixture  of  alexin  and  antitoxin  hoatod  to  56  degrees  become 
antitoxic  (by  a  neutral  mixture  we  mean  a  naixture  that  has  little 
or  no  effect  on  sensitized  corpuscle*:)? 

If  antitoxin  and  ale:cin  are  not  combinal,  but  continue  to  exist 
side  by  tide  in  a  free  condition^  healing  which  tlestroys  the  toxin 
(alexin),  but  has  no  effect  on  antitoxin,  nii^lit  leave  this  latter  sub- 
stance intact-  And  further,  if  the  antitoxin  does  not  act  directly 
on  the  alexin  in  the  two  mixtures  under  question^  we  should  have 
the  same  antitoxic  value  after  heating  to  55  degrees.  As  a  matter 
of  fact  the  activity  or  non-activity  of  the  alexin  atldcd  to  antitoxin 
should  not  affcet  the  result.  For  the  sake  of  clearness  wc  shall 
answer  thcte  questions  at  once  and  then  consider  the  cxperimentB 
by  means  of  which  wc  arrived  at  these  answcra;  first,  alexin  heated 
to  55  degrees  and  deprived  of  its  ecllulicidal  activity  has  lost  wholly 
or  to  a  great  extent  its  power  of  saturalinf^  antitoxin;  second,  the 
a?ifitoxin  ?>  not  recovered  from  a  neutral  mixture  of  antitoxm  and 
fresh  alexin  by  heating  it  to  55  degrees,  although  this  temperature 
destroys  the  activity  of  the  toxin.  The  antitoxin  must  then  have 
been  detinitciy  neutraliaah 

Both  these  results  lead  to  the  coDcluaion  that  antitoxin  acta 
directly  on  lhe  loxin  by  dt^troyw^  iU  toxic  adivUy.  The  experiment 
to  prove  these  fact^  follows: 
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It  »BB  first  detormmed  tlmt  two  parta  of  vntitoxia  {5^  dpgrefifl)  will  neulmliH) 
une  part  of  alexin  (Ereah  □otqulI  guinfa-pig  Bcnim).  Two  mixtured  w^rv  prepared 
afi  IoUpwb: 

a.     Aalitoxint  2  C-0.;  fresb  normoJ  guiaea-pig  eenim,  1  q-O. 

h.     AdIjIoaIii,  2  c.c-'.  nurmuL  ^uiuea-piK  aerum  heated  tc  5S  degrees*  I  c.& 

Aa  a  onntrol  the  folloaing  mixlxirea  wert  prepared' 

^-  /^Dlito:tin,  2  c-c;  suit  ralution,  I  c.c.  Iti  Lliis  mutlure  the  atititoxia  ta 
simply  diluiecl- 

d.     Normal  mbhiE,  ^rum  (55  degrcGs).  2  c-c:  salt  Boluiion,  1  e.e. 

Tbcec  Eour  mixture  arc  then  hcaU?d  for  half  on  hour  to  From  55  to  56  dcgrcean 
The  mUturea  are  fiuhjticted  to  ejtactlj  similar  cotidilionj,  bul  mixlur^  a.  con- 
Umirg  fresh  alexin,  iti  naiiirally  the  one  most  atfecttsi,  a^i  ilie  alexin  is  deairoy&j 
at  thia  temperatura. 

Afttr  h»Ll!Ei}£,  the  otiU tonic  valuo  of  the  Four  mixtuiGi  jd  Jelermiued.  Fur  this 
purpose  a  suiiahl?  dose  of  fresh  tionuAl  guinea-pig  senini  Is  added  to  eof-h  tube* 

Later  wdl-senaUiiod  rabbit  bJood  is  added  to  each  lube,  Tho  amount  of  ecnsi- 
tiieru&ed  U  sufficiently  l^fe  to  prevent  the  antiaeualliBJu^  effect  of  the  ontitoxki 
froni  being  notieHible. 

It  ia  evident  that  the  blood  will  hemQljAd  in  raikturea  in  which  the  toxin  (olexinl 
has  not  beeo  npiitralUtd :  in  uther  wurds,  in  mixturt^a  Ihut  do  not  civa^ain  active 
onti-alexin.  Hetnalj-Aig  (akea  plaee  quickly  in  r',  wbieh  contains  no  sniiiuxin. 
CorpuacloB  remain  intact  in  c,  containing  a  mixturo  of  antitoxin  and  sail  solu- 
tion. Mi^^Lurea  a  B.nd  b  do  not  aet  ej;actly  aliko.  In  '/  Uie  corpuficloH  rt^nmm 
intnel.afl  in  e,  for  a  long  time,  bat  finnlly  l>ecome  fiartially  hemolyeed;  tnmixiure 
a  hctaolyaifl  is  very  ancT^lic,  Tho  contrast  between  a  and  b  is  very  aitikiftg. 
In  a  there  ia  only  a  Alight  antitoxic  efTt^t:  unhcated  normal  serum  neutralises 
antitoxin  myich  more  distinrtly  tl^n  doej«  heateil  eenim. 

We  shall  not  consider  farther  for  the  present  the  mechanism  by 
which  the  antitoxic  aerura  protects  corpuscles  from  the  heraotoxin, 
but  shall  hope  to  return  later  to  a  conaideration  of  this  question. 
We  may  mention  in  conclusion  that  the  antito?dn  has  also  anti- 
.agglutinating  properties  against  the  hemolytic  serum.  It  also 
causes  a  precipitate  both  with  hemolytic  serum  actl  al^  with  normal 
guinea-pig  serum.  Tliis  precipitating  property  exists,  not  only  in 
animals  that  fumi.sh  antitoxin  (i.e.,  rabbits  trcatefl  with  hemolytic 
senim),  but  also  in  rabbits  given  injections  of  detibrinated  blood  or 
normal  guinea-pig  serum.  We  refer  to  our  previous  article  for  more 
inforniation  on  this  property  of  sejum,-^ 

*  The  amount  of  normal  Herum  that  b  best  to  odd  b  dol«nained  by  using  a 
series  of  tubea  eorreapmiding  to  each  mixture  a,  b,  etc.,  to  each  one  ctf  vdieh  a 
diFfercnt  nmounl  uf  alexin  \a  added. 

\  We  may  rt'Cull  aimply  tliaL  tlie  "precipitatiuif  property  "  of  audi  a  senuti  la 
quite  distinct  from  itfi  antitoxri*  pmpcrty.  Nor  huA  it  any  rdation  to  the  agglu- 
tinating property  oF  the  Bcrum  for  corpuBclca, 
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in.     Observations    on    the    Theories    of    Chemical 

iMUUNriY. 

Immunity  U  due  primarily  to  phagocytic  activitVT  that  indie- 
pensablo  function  of  tho  bo<ly  in  tlic  taking  up  and  destnictton  of 
bacteria  or  alien  cells.  SubstanapR  ha\ing  a  digestive  effect  on  bac- 
teria may  also  be  found  in  the  blood  serum,  particularly  during  the 
con<lition  of  artificial  immunity.  As  our  knowlctige  of  these  active 
substances  of  serum  has  increased  it  has  become  evident  that  Iheyj 
too,  owe  their  origin  to  those  phagocytic  cells  the  function  of  which 
IE  to  protect  the  atumal  body. 

Tho  cytol>"tic  properties  of  eorum  have  come  to  be  rep:ardcd  more 
and  more  as  eiinply  a  now  manifestation  of  tho  activity  of  the  pro- 
tective ccUsh  The  tendency  in  the  study  of  immunity  ha<  bt^cn  to 
hurmotiize  these  humoral  maniftstatiouii  with  tho  funclioLij  of  the 
phagocytes,  which,  aa  Metchnikoff  hoa  shown,  are  both  in  ori^n 
and  function  the  digestive  ccllsj  fitted  to  form  substances  that  digest 
and  destroy  alien  cells. 

But  these  substances  in  serum  are  themselves  worthy  of  study 
apart  from  any  consideration  of  their  origin.  The  stuiiy  of  this 
"immunity  of  a  chemical  nature"  has  consis(e*l  hitherto  in  a  com- 
pflri.son  between  the  sera  of  normal  animals  and  the  sera  of  animals 
that  are  in  a  condition  of  artificial  immunity.  In  the  sera  of  these 
latter  animals,  particulariy,  the  existence  of  sjjecific  celluhcidal 
properties,  frequently  of  great  intensity,  haa  been  notoL*  But 
this  cytolytic  power  is  not  the  only  characteristic  of  immtme  sera; 
they  have  also  the  curious  property  of  creating  on  injection  an 
intense  ccllulieidal  property  in  the  serum  of  a  normal  animal,  as 
Fraenkel  and  8obernheim  lir^t  pointed  out  in  1S94.  It  w  notaWe 
that  immune  sera  still  retain  this  transferring  properly,  even  after 
they  have  lost  their  own  power  to  destroy  eelLs  by  lieing  heated  to 
55  degrees.  Tn  the  example  given  by  Fraenkel  and  Sobernheim, 
cholera  Femm,  whetker  Intact  or  heated  to  from  55  degrees  tfi  GO 
degrees,  when  injected  into  a  nonnal  animal  endows  the  latler's 
scrum  with  an  intense  bactericiilal  power.  As  another  example  it 
may  be  noted  that  hemolytic  serum  from  a  rabbit  ''vaccinated" 

*  We  owe  our  conception  of  the  specificity  of  boctericiilal  pbeuomeni  to 
PfeEfler's  rewsrchea  pAnlculorlj. 
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with  litn  bl<n>l,  im  injection  into  a.  nnnnal  rabtjit.,  confers  on  tlie 
srruni  of  Liui  la,tl,(^r  aji  intt^ii^e  hcniolylio  power  for  Ui^i  ci3rpiisol«4  * 
For  the  sake  of  completeness  we  may  adil  that  tl\e  senim  of  the 
normal  animal  that  has  retieivcxl  tbe^  immurie  serum  hiia  a  cellu- 
lidiial  property  quite  vs  s|jecific  as  that  of  the  immune  serum 
employed.  We  demonstrated  in  139o  that,  when  a  guinea-pig  is 
injected  with  an  immume  serum  sjH^t'ifie  for  the  vibrifj  Melehnikovij 
Its  serum  acquires  a  baeterieidal  property  only  against  the  vibrio 
Mcteluiikovi  aJid  not  against  such  vibrios  a£  the  V-  L'holerie, 

How  m:iy  the  destruetive  effeijt  of  a  eytoiytie  stnim  be  detected 
in  the  affected  cell?  \Miat  lesion  b  produced  when  this  cell  is 
acted  on  by  the  serum  wliich  iiulieaies  the  destructive  effect?  It 
varies  naturally  wil-h  the  nature  of  the  cell  in  question.  In  \ibrios 
it  consists  in  a  granular  traasfommtlrm;  in  red  blood  ccll*^  in  hemol- 
ysis. As  is  well  knoftu,  the  granular  metamorphosis  of  the  cholera 
vibrio  was  first  noted  by  Pfoiffer  in  the  peritoneal  cavity  of  actively 
or  pas9i\"ely  imnmruKOLl  animak.  This  investigator  thought  that 
this  mwlificalion  of  the  vibrio  could  be  brought  about  only  in  the 
animal  body  and  never  in  vitro;  acconJing  to  him  this  traa'ifonna- 
tion  U  indicative  of  an  esj^entially  vital  action^  and  Ls  distinct  from 
the  bactericidal  efTect  of  cholera  serum  in  vitro,  Aecoriiing  to  this 
author  there  would  be  two  distinct  varieties  of  bactericidal  action, 
the  one  occurring  exclusively  in  vivo,  and  indicated  by  a  granular 
transformation^  and  the  other  protluced  in  vitro,  similar  in  cffc.M?t 
but  less  marked  and  of  less  significance.  If  this  conception  had 
proved  correct  the  eubjcct  wouJd  bavo  boon  excessively  complicated- 
We  knew  now.  however,  that  it  does  not  agree  with  the  facts: 
Mctchnikoff,  in  a  classical  expcrimc?nt  that  inaugurated  the  more 
ooraprehcnsive  study  of  these  phenomena,  was  able  to  obtain  tfte 
granular  transformation  of  vibrios  in  vitro  by  mixing  the  organisms 
with  cholera  serum  plus  the  peritoneal  exudate  from  a  normal 
guinea-pig.  We  sub(^equontly  demoastraterl  that  freah  cholera 
serum  alone  is  able  to  produce  this  mdantorphosist  even  when  quite 
limpid  and  free  from  cells. 

The  important  point  to  be  emphaaiied  is  that  the  bactericidal 
action  of  a  fluid  or  eerum  on  the  cht»lera  vibrio  is  ovitknccd  both,  in 
vivo  and  in  viiro  by  a  granular  transformalioji  of  the  organism.    The 
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analogous  action  of  hemolytic  sera  is  rletectable  in  \1tro  as  well  as 
intrapcri  ton  Gaily  by  a  destruction  of  the  corpuscles  with  a  diffusioa 
of  hemoglobin. 

To  summarize:  Firsts  the  sera  under  consideration  obtainetl  from 
immunized  animals  are  cytolytic,  the  cytolysis  consisting  in  such 
chanfjesas  the  granular  transformation  of  vibrios,  and  the  hemolysis 
of  red  blood  celle.  Certain  fluids  from  the  immunized  animalB,  oa 
the  peritoneal  fluid,  fshow  similar  cytolytic  effects  in  vivo  or  invilro. 
And  second,  a  given  immune  scrum  on  injection  into  normal  animals 
confers  on  their  scrum  and  body  fluids  similar  cytolytic  properties 
hlicwisc  demonstrable  in  vivo  and  in  vitro.  Immune  scrum  trans- 
mits this  property  even  when  itaclf  deprived  of  its  destructive  prop- 
erty by  heating  to  55  to  56  degrees. 

These  nre  the  facta  to  be  coordinated  and  expljuncd  by  a  thcor>'. 
The  first  theory  proposaJ  was  our  o^vn,  ofTered  firat  in  1895,  and 
conJirmcd  without  any  e&sential  addition  by  our  subsequent  re- 
searches, it  might  peem  unnecessary  to  rehearse  our  theory,  ^  we 
have  already  outlined  and  ref)cate(l  it  several  Limes  *  This  theor}% 
however,  has  not  been  imivcraally  accepted  and  certain  other 
observers  have  preferred  a  (lifTerent  one:  it  would  therefore  seem 
advisable  to  reconsider  it  and  to  compare  it  with  other  theories- 

Borders  theory  (1895),  — Our  coneeptian  as  expressei.1  five  yeai^ 
ago  is  based  on  the  possibility  (first  demonstrated  by  Metcbnikoffl 
of  producing  a  granular  transformation  of  vibrios  in  vitro,  and  de- 
pends particularly  on  the  following  facts; 

1.  Fresh  cholera  serum  produces  a  f^ranular  traosfopmation  of 
cholera  vibrios ;  the  phenomenon  producotl  la  vitro  is  identical  with 
the  one  fet  observed  in  the  peritoneal  cavity  by  Pfeiffer;  it  is  juat 
as  highly  specific  and  may  be  eimilarly  employed  for  the  iliagnosis 
of  vibrios.  Cholera  serum  has  also  the  power  of  clumpng  a  culture 
of  vibrios. t 

2.  When  heated  to  55  degrees  cholera  serum  loacs  its  bacterici- 
dal property  and  the  power  of  producing  granular  trane formation, 
but  still  retaiag  its  agglutinating  power. 

*  Sec  artic[«9  on  pp.  S,  5G,  SI,  (Uirl  134. 

t  This  13  Ihfl  first  inatanoo  dvEcril>rd  of  the  rapid  ngglutinntion  of  »  micro- 
arguuiam  by  ik  Dp«ciJlc  eerum  ia  hif^b  diluiioa. 
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5,  Heatei  cholcm  serum  recovers  its  ori^nal  bactericidal  energy 
on  tto  addition  of  a  normal  Benim  Ihat  is  itself  only  faint.ly  bar- 
tcricidai.  A  small  amfmnt  of  intact  or  of  heated  cholera  serum 
Bufficcs  to  confer  an  intense  specific  bactericidal  power  on  a  con- 
aiiicrablc  amount  of  normal  serum.  This  power  ia  evidenced  by  a 
granular  transformation  in  the  added  vibrios-* 

4.  Normal  seruio  alone  frequently  rauses  a  granular  transfoT- 
mation  of  vibrios  to  a  le^  degree^  particularly  if  tUe  vibrios  are 
attenuated. 

5.  Normal  serum  heated  to  55  degrees  loses  the  property  of 
restoring  the  bactericidal  activity  to  heated  cholera  seruuL 

Our  theory  founded  on  these  Facts  ia  comprised  in  the  two  follow- 
ing p  rtJfjosi  lions : 

A,  Thp  bactericitlal  property  nf  rholf^ra  serum,  or  of  analogous 
sera,  [^  due  to  the  presence  of  two  distinct  subsiatu^s:  the  firstn 
which  may  lie  cailal  preventive  suljstanee  or  antilyxly  (later  rallei! 
fiensitizrr),  is  charaeteristie  of  immune  serum,  Ls  specific  and  resisUs 
a  temperatur£?  of  55  to  CO  degrees  and  even  more.  The  other,  or 
proper  bactericidal  substance,  the  aJexin,  oucurs  in  the  serum  of 
normal  as  well  as  of  vaccinated  animaLs,  and  is  destroyed  on  heating 
to  55  degrees-  Heating  cholera  serum  to  55  degrees  does  not 
destroy  the  preventive  substance,  but  simply  eliminatt^  the  alexin. 
As  tins  aleiin  is  present  in  normal  serum  the  addition  of  such  serum 
restores  to  heale<i  cholera  serum  iLs  original  activity. f 

In  such  a  mixture  eliolera  *ierum  again  contains  both  substances 
oripnally  present,  the  collaboration  of  which  is  essential  in  pro- 
ducing intense  specific  bacteriolysis. 

The  preventive  substance^  In  other  words,  heated  cliolera  serum, 
is  not  at  all  bactericidal.     Normal  serum  on  account  of  its  alexin 

■  Wc  :ti]vcicaledsuch&uiL(tureia  vitro  aaa  procticbl  dlagnoatic  muthgUror  Lh« 
cbalera  vibriu. 

t  We  have  bccnaarprmod  tofirtdlhatcoi'tauiautLont,  portictJarl^  in  l!cmuiay, 
givB  A  yf.ry  iaexact  bLatorlcii]  account  of  thcac  ideas,  frequently  attributin,^  t!^c 
fimt  fnnsii  If  ration  of  iJifse  facts  to  auUiora  vha  have  only  ret^E^ntly  i^oii^iclfreil  th« 
queetioQ.  CoEsequent^y  wo  miy  bo  pcrraitlcJ  to  refer  to  ooJlaio  poaaago*  in  our 
merrHjiruf  1895,     See,  for  example,  on  p.  58,  and  on  p.  59. 

Wp  shall  later  quote  other  rpfrrcnres  in  tlie  tvx.l.  partinulnrly  when  we  pome 
to  consider  tW  unity  of  tho  boctoricidal  su^s^faneo  la  difTertat  imiDUDe  pcra, 
ami  the  occurrencfl  of  bactericidal  power  in  thi;  fluijA  of  pmuivcly  tiorauniied 
nnimflla. 
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has  asLght  and  non-specific  bactericidal  activity  affecting,  generally, 
only  attenuated  bacteria.  But  in  presence  of  the  preventive  sub- 
stance of  an  immune  serum  the  alexin  energetically  attacks  that 
particular  race  o(  bacteria  for  which  the  immune  eerum  is  specific. 
The  activity  of  the  alexin  against  other  t>actcria  is  not»  however, 
increased. 

In  short,  the  preventive  evabstance,  in  itself  not  bactericidal,  acts 
specifically  on  a  cell  by  increasing  the  dcstrutitivc  effect  of  the 
alexin  on  it.  Wcnow  call  the  preventive  substance  the  "sensitizer" 
as  it  scnsftizcs  the  cell  to  the  alexin. 

It  may  be  stated  at  thia  point  that  the  specific  hemolytic  sera, 
first  demonstrated  by  us  in  1893,  agree  in  general  characteristics 
ft-ith  the  bacleriolytk;  sera,  and  any  conception  of  one  generally 
applies  to  the  other.  The  majority  of  obeen'cra  and  particularly 
Ehrlich  and  Morgenroth  agree  with  us  on  this  point.  The  only 
difference  li^  in  the  cell  affected,  and  hemolysis  corresponds  to 
bacteriolysis, 

B.  Wlien  an  immune  serum,  afi,  for  (.'sampJe^  cholera  ^erum,  is 
given  to  a  normal  animal,  the  introduction  vf  the  preventive  sub- 
stance (sensitizer)  transmits  the  specific  bactericidal  jxjwer  to  tliia 
animal's  Ixxly  fluids-  The  introciuction  of  an  alexin,  present,  of 
course,  in  fresh  immune  senim,  is  not  necessary  and  therefore  a 
heated  immure  serum  will  serve  equally  well-  As  we  staLetl  in  1895, 
"It  is  quite  evident  why  the  presence  of  the  bactericidal  sub- 
stance (aiexir)  is  not  irdispensablc  for  the  preventive  activity  of 
serum.  It  is  not  characteristic  of  this  scrum  alone,  but  is  present 
in  nonnal  serum  as  weU,  and  [he  anirnal  injeeteil  with  cholera  serum 
already  possc^suJi  this  substance,  so  that  its  addition  is  unneces- 
sary. What  the  normal  animal  does  not  possess  b  the  preventive 
substance,  and  it  is  this  substance,  then,  that  must  be  ^ven."  As 
soon  as  the  animal  obtains  the  preventive  substance  it  has  the  two 
factors  necessary  for  intense  specific  bacterinlysis.  On  bleeding 
such  an  animal  we  find  that  lU  serum  contains  the  preventive  sub- 
stance as  well  as  the  nonnally  present  alexin  and  wiU,  therefore, 
destroy  the  vibrio.  "The  encounter  of  the  two  substances  pro- 
duces as  energetic  a  bactericidal  power  in  the  animal  body  as  in  a 
test  tube/" 

As  we  have  already  stated,  this  theory  is  also  applicable  to  herao- 


HEMOLYTIC  SERA  AND  THEIR  ANTITOXIXS, 


211 


lytic  sera.**  The  impt^rtanl  funJaineiitfll  idea  is  that  the  bacterici- 
dal (or  cellulicidal)  substance  io  vheidus  immLiiie  Hera  that  enilows 
them  with  thnr  properties  U  samilar  to  the  one  found  in  nurmaJ 
aemm.  This  is  the  prirtclple  of  tiie  unity  of  tJte  cytolytic  Hvh&tance 
which  we  expressed  in  1S95  by  saying  that,  in  normal  and  in  vacci- 
nalttl  animals, "  the  bacteriuidal  f>ub^tance  h  m  general  respects  the 
same,  whatever  may  be  the  invading  organism.  In  animals  vacci- 
nated against  a  given  infective  agent  the  bactericidal  energy  affects 
that  bacterium  parliculariy,  owing  to  the  presence  of  ihe  specific 
preventive  substance,  which  varies  according  to  the  micro-organ- 
lera  used  in  immunizing,  h  is  omng  to  liie  inien^entwn  of  this  pecul- 
iar prevefUii'e  stibi^taTice  ihat  the  animtU  directs  its  destructii'^  energy 
against  a  given  infective  ogeTit^" 

In  this  description  the  word  "bacterium"  may  be  replaced  by 
the  word  "cell/'  referring  to  bacterium  or  blood  corpuscles,  as  the 
case  may  be.  And  further,  a  reservation  i>hoiild  be  made,  based  on 
the  subsequent  study  of  hetuolysis,  that,  although  the  alexin  is  the 
3amc  in  normal  and  vaccinatwl  animals  of  the  same  species,  there 
are  certain  diRcrcnccs  in  the  alexins  from  different  animal  spccica. 
The  alexins  of  most  animals,  however,  have  the  same  essential  char- 
acteristics. AVe  have  already  made  another  reservation,  namely, 
that  certain  normal  sera  contain,  befjide  ihe  alexin,  other  bactericidal 
substances  of  less  general  import.  The  bactericidal  substance  for 
B.  anlhracis  in  rat  serum,  for  example^  is  certainly  not  an  alexin.f 

As  far  as  the  absolute  identity  of  the  hemolytic  with  the  bacterir> 
lytic  alexin  in  a  ^veo  serum  ia  concerned,  it  would  seem  to  have 
been  firmly  established  in  the  present  article- 

The  fact,  moreover,  that  *'it  is  owing  to  the  intervention  of  the 
sensitizer  that  the  animal  directs  its  particular  ccllulictdal  acti'vity 
against  a  ^vcn  cell"  is  fully  confirmed  bj*  the  experiments  detailed 
in  the  first  part  of  this  article,  experiments  that  prove,  not  only  that 
ih^  i'aine  Twrrrud  serurn.  but  that  the  savnpo^cj'm  destroys  at  one  time 
a  vibrio  anil  at  another  a  red  blood  ccU  depending  on  whether  a 
hetnoscnsitizer  or  a  cholera  ficnsitiner  is  U3a.K 

*  It  IS  probably  q\hr  npjilirnWp  xc  eKc  imnrntip  sera  aciive  n^in.^I  aUier  ceUs^ 
rtuch  &s  tbe  fipermotoKic  scrtim  diaeovcrcd  by  LaDdj^lcincr,  the  Icucotoxic  Aerum 
i>r  MetchuikcpfT,  iLDiJ  tie  epitheliutoxk  serum  ot  V.  DuD^eni. 

t  Rut  serum  has  m  iddilionto  thiaEubstonceaDalejEio  amiloi  to  th&t  of  other 
aera.    Set  note  oQ  p-  ISO. 
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Our  theory  makprs  two  jmsumptitmsi  First,  that  cytnolytiR  phe- 
nomena iu  vitro,  produced  by  adding  thii  sensitive  cell  U}  the  two 
Hul>Ntaiices  of  aelive  st'nim,  an?  quite  j^imiiar  to  those  which  occur  hi 
vivu  witli  the  same  substarnies,  Tliis  may  indeed  be  experiiiienl^ 
ally  demonhtrated  provided  that  relatively  siiuilar  amounts  of  each 
suhsLance  are  present  in  Ijolh  eases.  For  exam|>le,  we  find  that  tiie 
smallest  amount  of  cholera  suii-siuzer  that  will  cause  a  given  amount 
of  vibrios  to  be  transfnnue^l  by  alexin  in  vjt.ro  is  similar  to  the 
amount  necessary  to  destmy  the  same  number  of  vibrios  in  a  nor- 
mal peritoneal  cavity.    This  fact  has  been  already  mentioned. 

Second,  that  a  normal  aiiimal  Inject^  with  an  immune  serum 
acts  simply  B5  a  passive  container  for  ihe  sensitiaer-  The  animal 
receives  the  substance,  but  does  not  modify  it, and  it  becomes  diluted 
in  the  fluids  of  the  body,  particularly  in  the  blood.  The  serum 
from  this  injected  animal  should  act^  then,  like  a  dilution  of  the  sen- 
sitizer in  normal  serum.  This  we  believe  we  ha,\'Q  provotj  experi- 
mentally* This  conclusion  holds  as  well  for  the  agglutinating 
propcrty-t 

Pfeiffer's  theory,  (18%).  —  The  preceding  theory  has  not  been 
tlie  only  one  to  awaken  interest  in  the  study  of  bactericidal  sera. 
A  year  later  Pfcilfcr  offered  an  explanation  of  the  granular  trans- 
formation of  vibritja  that  diffcr^^  from  our  own  in  fteverai  important 
particulars.  PfeiFfer,  who  has  carefully  studied  the  bacteriolytic 
changes  in  vibrio3  in  the  peritoneal  cavity,  draws  a  sharp  dis- 
tinction between  such  phenomena  and  those  that  take  place  in 
vitro;  the  latter,  according  to  this  investigator,  are  much  lesa 
energetic.  .\s  Pfeiffer  understands  it,  vaccinateil  animal^  have  a 
specific  anliboily  that  has  two  forms:  a  stable  and  inactive  form 
that  may  lie  kept  for  a  long  time,  ami  an  active  Ijactericidal  fi»rm 
whicli  is  less  stable.  The  antibody  can  easily  change  from  one 
form  U>  another.  The  change  from  inactive  to  active  form  Is 
brought  about  by  means  of  a  ferment- like  substance  of  cellular 
origin;  tins  change  take^  plaee  easily  in  the  animal  body,  so  that 
the  anlibaly  can  attack  the  vibrios  in  its  most  destructive  fonn. 
Serum,  oa  the  contrary,  contains  the  antibody  in  its  stable,  inac- 

*  See  pp.  167  to  ITI. 

t  Bets,  "The  mode  ol  action  of  preventive  sera,"  p.  81. 
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tivG  form,  as  it  is  stored  up  against  possible  necessity  in  the  body. 
In  this  latter  form  the  antibody  is  incapable  of  destroying  vibrios. 
To  be  sure,  Pfeiffer  does  not  deny  that  a  granular  transform ation 
may  occur  in  vitro  witb  fre^h  cholera  seruni^  but  ho  thinks  tliia 
effect  is  due  to  a  small  amount  of  the  ferment  substance  in  the 
serum  that  renders  the  antibody  bactericidal.  It  is  evident  that 
Pfeiffer  has  been  oblige^l  to  agree  essentially  with  our  point  of 
view  in  order  to  expl^n  bacterioly^s  in  vitro,  at  least  to  the  extent 
of  a^lmitting  that  two  substances  arc  neceseary.  The  resemblance 
between  the  two  theories,  however,  is  only  superficial. 

According  to  Pfeiffer  and  iiis  pupils  the  substance  present  in 
fresh  normal  eenimr  that  ha.s  been  named  alexin,  would  not  be  in  the 
strict  sense  a  bactericidal  substance,  but  rather  the  ferment  which 
tranaforms  the  inactive  antibody  into  iU  active  fonun  The  trans- 
formation of  vibrios  in  vitro  by  fresh  cholera  scrum  would  be  due  to 
the  effect  of  the  active  antibody  and  not  to  a  direct  action  of  the 
alexin,  the  one  function  of  which  is  to  produce  the  active  antibaly. 
Conse<iucntly  the  real  ccllulicitlal  substance  woultl  always  be  specific ; 
instead  of  being  the  same  in  various  immune  sei^,  as  we  think  of 
it,  it  would  vary  in  each  one,  since  the  antibodies  in  immune  sera 
are  essentially  different. 

But  if  the  alexin  bears  no  direct  causal  relation  to  alterations 
shown  by  vibrios  and  corpuscles,  why  do  normal  sera,  which  have 
no  specific  antibodies,  show  a  distinct  if  inferior  bactericidal  effect 
on  ^^brioa?  How,  as  liuchnnr  has  empha&izal  in  his  valuable 
researches,*  can  these  normal  sera  produce  a  cert^n  amount  of 
hemolysis? 

This  hemolysis,  by  normal  serum,  although  less,  is  nevertheless 
quite  comparable  to  that  proiluced  by  hemolytic  sera.  Artificial 
immunization,  as  im.licated  by  the  prtxluction  of  specific  antiboiliea, 
does  not  prwluce  cytolytic  power,  but  renders  it  s[^cifically  more 
intense  by  forming  a  sensitizer  or  specific  antibody.  All  this  tends 
to  invalidate  Pfdffer's  Iheory. 

This  theory,  tn  be  sure,  would  eeeni  more  reasonable  if  cytolytic 
phenomena  in  vitro  were  much  less  intense  than  those  in  the  animal 
body  (peritoneal  cavity).     There  is,  however,  no  difference  in  inten- 

*  BucEmcii  aa  we  know,  brought  OLit  iLe  fanJam^Dtal  fact  that  at>rEnzJ  acrum 
heated  to  55  degrees  loses  both  lu  bactericidal  and  globuticidal  propeniea. 
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eily,  as  we  have  alrea<ly  stated.  To  be  sure,  if  a  mixture  ia  made  in 
vitro  containing  t^jo  littlG  eholera  fierum  in  proportion  to  the  vibrits 
to  give  complete  bacteriolysis,  the  injection  of  this  mixture  into  the 
peritoneal  cavity  of  a  normd  animal  will  frc^iucntly  result  in  a 
granular  transformation.  It  is  evident,  however^  tlkat  by  this  pro- 
cedure we  increase  the  amount  of  alexin  (peritoneal  exudate),  and 
such  an  increase  of  one  of  the  two  substances  required  for  bacteri- 
olysis naturally  produces  a  jm^ter  effect.*  To  ft^timate  bactericidal 
power  correctly  either  in  vitro  or  in  vivo  the  vibrios  used  muat 
be  mixed  with  comparable  amounts  of  the  two  active  substances; 
if  this  precaution  is  oh^ervetl  it  will  be  found  that  vibrios  or  cor- 
puaclca  arc  altered  as  well  in  vitro  aa  in  \ivo. 

The  properties  of  the  antitoxin  studie<l  iu  the  preceding  pagea 
suggests  another  objection  to  Pfeiffer'a  theory. 

Let  us  mix  a  certain  amount  (e.g.,  0.4  of  a  cubic  centimeter)  of 
hemolytic  i^erum,  55  degrcca  (sensitiser),  with  a  little  frei^h,  normal 
guinea-pig  serum  (0.2  of  a  cubic  centimeter),  Similar  tubes  arc 
prcpareil  containing,  in  the  place  of  guinearpig  alexm,  rabbit  and 
rat  alexin  respectively.  Any  one  of  tliesc  mixtures  is  strongly 
hemolytic  for  rabbit  blood,  although  co  one  of  the  constituents 
alone  is  wo.  AMiat  has  happened  acronling  to  PfciFfcr's  theory? 
Thealexin  employctl  haa  transformctl  the  inactive  thermostable 
antibody  into  the  active  and  specifically  globuUcidal  antibody. 
And  consequently,  in  such  a  mixturCn  it  is  thi^  active  an tibotly  and 
not  the  alexin  that  destroys  the  corpuscles.  It  may  be  added  that 
of  the  three  alexins  mentioned  the  one  from  the  guinea-pig  forma 
the  best  hemolytic  mixture  with  the  sensiliser. 

t>Luce  each  mixture  contains  the  same  hemolytic  substance,  we 
ehould  expect,  aeiurding  to  PfeilTer'a  thei;)ry,  that  an  antitoxin 
capable  of  neutralizing  the  ilestructive  efTect  of  one  would  also 

*  Wc  mo-y  recall  tlic  point  iJr?monBtnktcd  by  ua  in  IS!J5,  thai  il  freah  immutie 
Hcrum  d*JGi  not  cfjulrLiD  upprtcialily  mofv  ult^xin  tliati  normal  oerum^  Tim  bcq- 
eitizing  property  of  an  immuni?  r^enMri,  linwGVcr,  is  so  great  ihut  it  Cion  aeaaitiie 
nuny  more  vibriotj  tUaa  ita  olexin  ia  uLlc  to  deatroy.  ConvcrecJy,  the  amount  of 
[ilcxio  in  LL  givun  dose  of  inunuiit  Mrum  ia  Uxj  small  to  destroy  ull  ibe  vibrios  Ibat 
the  s^mnn  rnn  <<i-naj(iz^.  For  thi<i  reason  Iresb  immuTie  aerum  in  nhl^  tn  il&stroy 
mu-Jiy  moro  vibrioa  wboa  Trrsb  nomuJ  Bctum  ib  added  on  account  of  tbe  addi- 
liana!  amtiimt  of  ihe  alexin.  On  surnmiaf  up  the  facia  uu  kvliJch  otir  tli^i^ry  is 
bAiB«d  we  iioti?d  thut  u  Bma[l  doso  of  immune  mnim  sutficea  to  endow  a  relatively 
krgc  Joac  of  nominl  aeruni  with  latcnso  bactericidal  energy. 
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neutralize  either  of  (he  other  mixturt^s.  Let  U3  luld,  tben.  to  the 
most  strongly  heraolylic  mixture,  namely  aeasitizer  plu-s  giiineji-pig 
alexin,  Bome  of  our  heated  antitoxiii  (0,8  of  a  cubic  centimeter). 
The  mixture  becomes  harmless  for  rabbit  corpuscles.  The  addition 
of  the  same  ampimt  of  antitoxin  to  either  of  the  other  mixtures  con- 
taining rabbit  or  rat  alexin  does  not  produce  any  neuiralinng  effect. 
This  result,  then,  is  contrary  to  a  logical  deduction  from  PfafTer'a 
theory'.*  On  the  eonlraryj  the  results  are  quite  explicable:  the 
different  alexins  act  directly  on  the  sensitized  corjjuscles  to  destroy 
thera.  And  the  antitoxin,  being  specific  for  guinea-pig  alexin,  nat- 
urally affect*  the  activity  of  this  alexin  only, 

With  this  wc  conclude  our  remarks  on  the  theories  of  the  cytolytic 
sera.  Toeum  up»  our  thetiry*  otTered  in  IS9o,  explains  all  the  facts 
observed  and  is  in  iJisa^iTeoraent  with  none  of  them.  From  a  general 
standpoint  t\m  theorj"  and  facts  on  which  it  ia  founded  contains 
three  general  ideas: 

1.  Artificial  immuiiiEation  simply  renders  the  cytolytic  mani- 
festations of  normal  seruin  specifically  more  intense.  This  con- 
ception wc  dcmonetrated  by  showing  that  both  normal  and  immune 
scrum  (cholera  scrum)  profluce  a  similar  effect  on  the  cholera  vibrio, 
which  effect,  however,  is  of  unequal  intensity  in  the  two  instances. 
This  conception  has  been  confirmeil  by  our  being  able  to  exalt  the 
hemolytic  activity  of  a  given  normal  animal's  aerum  by  vaccinating 
the  animal  against  red  blooii  ccUsh 

2.  The  immuniierl  animal  dot^  not  have  ita  cytolytin  substance 
increased  over  normal,  but  simply  producer  a  large  amount  of  the 
specific  sul»stance  which  favora  the  activity  of  the  c^^kjlytic  sub- 
stance, t 

3.  A  reaction  of  immunity,  consisting  in  the  production  of  an 
antibody,  noted  in  an  animal  injected  with  harmless  cells,  such  as 
red  blood  corpuscles,  is  identical  with  the  reaction  shown  by  an 
animal  to  an  infective  agent,  for  purposes  of  protection. 

*  Sufh  in  pxperiment  naturn.1ly  compriws  suitahlc  controlacontaming  tientad 
aurtnaJ  rabbit  scruru  instoad  of  tho  antitoxin,  tiemolyaiu  occuru  Iq  oil  (he  coatrol 
cnixtuftd  and  moat  Tiuirbe<]]y  ui  the  occ  coatainint^  ^inea-pijE  alexin. 

t  The  mech&Difini  by  lat-ana  of  which  tbe  §eTisitixiDg  auhacjtntN;  rnvora  activity 
boa  reooatly  given  naf;  to  inlcrostiiig  studies.  Among  thom  may  be  mcrxtioned, 
in  prtrticulur,  tliE  researches  of  Elixhch  aad  Uorgeorulbf  which  have  been  disc usssd 
in  the  preseot  Artirle. 
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COKCLUSIONa- 

TJnder  this  heading  we  shall  note  only  the  facts  subjected  to 
expcrimcnta]  proof  in  the  first  two  sections  of  this  article : 

h  Corpuscles  sensitized  by  a  givea  senBitiaer  are  destructible 
by  the  different  alexins  (normal  sera)  of  many  if  not  of  all  animal 
species. 

2.  In  a  given  serum  the  bacteriolytic  is  identical  with  the  hemo- 
lytic alexin, 

3.  Tbc  fixing  properties  of  corpuscles  for  the  active  6Ubstane(?s 
of  hemolytic  sera  lie  in  thdr  etromata.  This  fixation  is  similar  to 
a  process  of  dyeing, 

4.  An  antitoxin  to  a  hemolytic  serum  may  be  produced.  This 
antitoxin  has  both  an  antisensitizing  and  an  anti-alexic  property. 

5.  Omng  to  its  anti-alexic  property  the  antitoxin  is  both  anti' 
hemolytic  and  anti bactericidal. 

0-  The  anH-alexin  would  seem  to  neutndize  the  alexin  by  acting 
directly  upon  it, 

7.  The  anti-alexin  in  question  is  specific,  although  not  absolutely 
BO.  It  neutralizes  guinea-pig  alexin^  but  has  no  effect  on  alexins 
From  most  other  animals. 


X-  ON  THE   EXISTENCE   OF  SENSITIZING  SUB- 
STANCES  IN   THE   MAJOHrry  OF 
ANTliMICKOBIAL  SEKA* 

Br  DRS.  JULES  BORDETT  AND   OCTAVE  GENGOTJ. 
{From  Prc/citor  Meicknikoff'a  Laboraiory.) 

The  serum  of  many  animals  contaice  alexin,  that  ill-defined, 
chemically  unknown  substance  to  which  is  due  the  property  of 
sera  in  general  of  producing  a  harmful  effect  on  various  cells  and  on 
certain  bacteria.  The  activity  of  the  alexin  is  destroyed  on  heating 
scrum  to  55  degrees.  Alexin  is  found,  io  relatively  similar  amounts, 
in  the  scrum  of  nonnal  and  of  vaccioatetl  animali  artificial  im- 
muniaation  changes  neither  its  amount  nor  iU  properties. 

When  an  animal  is  vaccinated  against  the  cholera  vibrio  there  Id 
formed  in  the  body  a  particular  aubetancc,  the  preventive  or  sen- 
siiinng  substance,  that  resists  heating  to  relatively  high  tempera- 
tures. This  substance  is  not  in  itself  in  any  way  deslruclive  for 
the  ^'ibrio-  It  does,  however,  faciliate  in  a  specific  manner  the 
destructive  action  of  the  alexin  on  this  micro-organism.  It  may 
further  be  said  that  the  .s[X'cific  bactericidal  property  of  cholera 
serum,  although  primarily  due  to  the  alexin,  properly  speakJDg, 
depends  on  the  collaboration  of  two  substances,  the  alexin  and  the 
favoring  or  sensitizing  substance.  This  coiiceiJtion,  offered  by  one 
of  us  in  1895,  explains  the  various  properties  of  cholera  serum.  It 
ia  closely  applicable  also  to  the  specific  hemolytic  sera  between 
which  and  cholera  scrum  most  evident  analogies  exist.  In  brief, 
the  intense  destructive  power  in  bacteriolytic  or  cytolytic  serum  ia 
due  to  the  presence  of  a  specific  antibody,  the  sensitizer,  in  addi- 
tion to  the  ordinary  alexin. 

In  the  preoerling  description,  in  referring  to  sera  specific  for  bac- 
teria, we  have  mentioned  cholera  serum  uuly.     As  a  matter  of  fact 

*  8ur  1'existcTicc  d«  subQUocea  feoaibjlimt rices  dana  U  plupart  dea  B^nima 
ftDtimicTDbiRiis.     Annales  de  I'lnfllilut  PASleur,  X^V.  IS01,  290. 
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it  would  have  been  hasty  to  a-saert  thai  -specific  sensilizera  are  present 
in  antimicrobiHl  sera  in  general.  Hitherto  th^e  bodies  have  been 
demonstrated  with  (jerLaJnty  only  in  the  specific  aiitisera  for  llie 
true  choleia  or  other  similar  vibrios. 

This  is  quite  untl  ere  land  able  wht-n  we  come  to  consider  the  known 
meth'xl  of  Jenionstrating  the  sensiliiing  substanrc.  This  method 
described  by  one  of  us  in  the  ease  of  cholera  serum,  and  later  applied 
to  hemolytic  sera,  is  as  follows: 

Mixtures  are  made  in  suitable  proportions  of  cholera  vibrios 
with  normal  senim  and  specific  serum  respectively.  In  the  second 
mixture  an  intense  destruction  of  the  bacteriaoccurs,  as  is  evidenced 
by  their  complete  granular  transformation.  In  the  first  mixture, 
on  the  contrary',  a  morphologically  sitnilar,  but  relatively  insignifi- 
cant, chaoge  takes  place.  Both  cholera  serum  and  normal  serum 
lose  their  bactericidal  power  completely  on  being  healed  to  55  de- 
grees. But  the  addition  of  a  trace  of  heated  cholera  serum  to 
unhealed  nonnal  serum  forme  a  mixture  that  is  as  strongly  bac- 
tericidal as  fresh  cholera  serum;  it  enables  it  to  pn>lucc  granules 
in  the  vibrios.  This  proves  that  hcolcti  cholera  scrum,  although 
harmless  alone,  still  favors  the  bactericidal  energy  of  the  alexin  of 
nonnai  scrum. 

This  method,  tlicn,  of  demonslraling  a  sensitiaer  depends  on  the 
pr(^encc  of  some  microscopically  detectable  ks^ion  of  the  bacterium 
affected;  bacteriolysis  must  occur.  With  hemolytic  sera  the  cri- 
terion h  the  occurrence  of  hemolysis. 

Not  all  bacteria,  however,  fulfill  this  con*htionH  Many  of  them 
nob  only  arc  undcstroycd,  but  remain  appareotly  unchanged  in 
the  presence  of  scrum  from  higjily  immunized  animals.  In  such 
cases  the  method  described  1^  of  no  avail  and  should  be  replaced  by 
another. 

We  have,  indeed,  another  method  to  offer  for  the  demonstration 
of  sensitizcis  in  the  fiera  of  animal?  immunized  against  ^uch  bacteria 
BB  B.  pestia,  first  anthrax  vaccine,  B.  typhosus,  the  bacillus  of 
swine  plague,  and  B.  protcus  vulgaris. 

But  firat  wc  must  recall  an  exjjcrimcot  described  a  year  ago  in 
the  Pasteur  Annals*  the  essentials  of  which  follrw: 

If   wdl-^ensUized  rabbit   tdood    coqiuscles    (that   is,  coqiuscles 

•  8w  p.  186. 
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treated  with  a  heinolytic  serum  heal<?tl  lo  55  degrees)  areailLi«I  to 
fresh  gainea-[iig  ?^erun]  containing  alexin,  their  dissohition  ffillows. 
If  after  a  certain  time  sensitized  cholera  vibrios  (i.e.,  vibrios  treated 
wth  heated  i-holem  sonim)  are  a^lilod  and  the  mixture  j)la:rpil  in  the 
incubator,  no  tmitsfon nation  or  iihange  taki^  plaint*  in  the  vibrios. 
From  thi^  result  we  know  that  there  wbj*  no  free  alexin  in  the  mix- 
ture, for,  if  present,  it  would  have  transformed  the  vibrios.  Fn^m  a 
control  tube  we  learn  thaL  a  transformation  occurs  in  the  vibri(:»s  if 
the  red  bloo<l  eorpusules  addol  in  the  first  place  are  not  senaiiized. 

The  converse  of  this  experiment  also  holds.  If  sensitized  cholera 
vibrios  are  added  to  normal  alexic  serum,  subsequently  abided  sen- 
sitized corpuscles  are  not  hemolyaed. 

From  such  Gxporiments  we  drew,  it  will  be  recalled,  two  distinct 
conclusions:  Plr&t,  coqjuscU'S  or  bacteria  u'hen  ^ensitued  OTe  able  to 
absorb  clexin  with  avidity  and  to  remove  it  from  the  surrounding 
fluid ;  second^  in  a  given  seruin  the  same  alexin  may  produce  either 
hemolyeis  or  bacteriolysis  * 

These  conclusions  find  still  further  confirmation  in  the  following 
article.  In  the  present  article  a  fact  eugsesteil  by  theexpcriraent 
just  outlineil  is  of  preeminent  interest:  To  demorv^lrate  the  existence 
of  a  senifitizeT  in  an  ajUtmkTohial  ^erum  it«  may  maJco  i4&e  of  its 
property  of  causing  the  bactcriuf/t  it  offtfe  to  ohmrh  alexin^ 

As  an  experiment  to  demonstrate  this  fact  ia  practically  the  same 
with  any  one  of  the  antimicrobial  t^era  etudiffli,  il  may  be  described 
in  detail  once  for  all.  We  shall  t^ke  as  an  example  antipUguc 
aenira. 

Serum  of  a  horse  va^cinaicd  against  B.  pe^tis.  —  This  strongly  pre- 
ventive serum  wa.^  kindly  furnisheil  us  by  Dr.  Dujaniin-Bcaumctz, 
who  has  cliarge  of  preparing  it  and  testing  ita  potency  at  the  Paateur 
Institute- 

This  serum  antl  normal  horae  aerum  were  hvate*!  to  5(>°  C  for  one 
half  hour  to  destroy  the  alexin.  A  24-hour  agar  ealture  of  H.  pestis 
was  suspended  in  a  small  amount  of  salt  wlution  so  a£  to  form  a 
tliick  emulsion  of  bat:teria.  Fresh  guinea-pig  serum  obtained 
by  bleeding  the  guinea-pig  the  day  before,  and  freed  from  cor- 
puscles by  centhfugalization*  waa  also  at  hand  and  was  used  for 
alexin. 

*  Tbe  unity  of  the  jJeidrf  in  a  given  eerum  le  also  admitted  by  Buchtier^ 
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The  following  mixtures  were  then  prepared  in  teat  tubes: 

(a)  Alexic  aeruiu,  0.2  c.c;  eniLilaion  of  plague  bacilli,  0-4  cc; 
antiplftgue  aenim,  56  clegreea.  1.2  c.c, 

(b)  Same  as  ''a/'  Vkith  normal  horee  serum,  5(1  degrees,  replacing 
the  anti  plague  serum. 

(c)  Same  as  "^a."  but  containing  no  emulsion  of  plague  bacilli* 

(d)  Same  as  "b,"  but  cunt^ning  no  nnubiion  of  plague  bacilli, 
Eaeli  of  these  four  mixtures  contains  the  same  amount  of  alexin 

(normal  guinea-pig  aenim). 

(e)  Emulsion  of  plague  bacilli,  QA  c.c. ;  antiplague  serum,  5ti  de- 
grees, 1.2  c.c. 

(f)  Emulsion  of  plague  bacilli,  0-4  cc;  non[ia1  horse  serum, 
p50  degrees,  1,2  c,c, 

Tiiese  twn  tubes  are  the  sameHs  "a"  and  "b "respectively,  with- 
out alexin. 

Tlie  mixtures  are  left  Ei  room  temperature  (15  U^  20  tlegrees)  for 
about  o  hdurs.  To  each  tulx'  in  tunt  is  added  0.2  nf  a  cubic  cen- 
timeter of  a  mixture  composed  of  2  cubic  centimetere  of  serum 
from  a  guinea-pig  immunized  against  rabbit  blood  and  previously 
heated  to  55  degrees,  and  20  drops  of  defibrinatetl  rabbit  blood  * 
In  other  words,  each  tube  receives  2  drops  of  ^vdlsensitized  blood. 

The  result  of  the  experiment  is  as  follows: 

Hemolysis  tabes  place  rapidly  and  nearly  simultaneously  in 
tubes  "b,"  "'c,"  and  *'d/'  In  tec  minutes  no  intact  corpuscles 
remain.  In  tube  "a/*  containing  alexTuj  bacilli  and  antiplague 
senmi,  no  liemolysis  occurs.  The  corpuseles  also  remmn  intact  in 
tubes  '*e"  and  **f/'  to  which  no  alexin  was  added.  We  find  then, 
first,  that  the  plague  bacillus  mixed  with  nornisd  horse  serum  doee 
not  absorb  alexin;  and  second,  that  the  bacillus  with  antiplague 
ecrum  from  the  hort^e  docs  abeorh  alexin  with  avidity;  and  third, 
that  antiplague  serum  alone  has  no  ofTect  on  the  alexin. 

Consequently  wo  must  conclude  that  the  sorum  of  a  horge  vac- 

*  Ab  alr?Ady  metitioaed  in  previous  arLieles,  bland  that  h^  been  washed  iTisatt 
eolutioQ  '\B  gonomily  usiKi  in  B3?p«rin::LonU  of  tliia  nature,  ]  to  2  t-c.  of  dGfibriiuLted 
blood  is  pla<^e<l  in  a  ccntrifujpj  tul*  uod  tUc  IkvuI  marked  OLi  tlie  kIom.  After 
centrifugalization  the  fiupernfltant  fluiJ  Js  drawn  \ip  with  a  bulb  pipetlp.  leaving 
ttic  deposited  curpUdcJoa.  Enougb  mlt  aoiulion  is  added  to  restore;  the  blood  to  its 
originnl  level.  This  couatitutca  dcfibriaatcd  blood  with  the  t^eniOB  replaced  by 
bbU  solution,  in  other  nords,  ronuiinLTig  do  idexin. 
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cinated  against  B.  pestU  contains  a  sensitizer  that  endo-iis  tkis  bac- 
terium with  the  power  of  absorbing  alexin.  This  sensitizer  then  acts 
as  do  the  corresponding  sul^stances  present  in  cholera  serum  and 
in  hemolytic  seran 

it  may  be  added  that  plague  bacilli  arUled  to  a  mixture  of  alexin 
and  antiplague  serum  show  no  mtjrphological  alteration  after  3  hours 
at  37  degrees-  Consequently  in  this  instance  the  presence  of  a 
Bcnsitizer  can  be  dcnionstrated  only  by  the  tixalion  of  Ihc  alexin. 

If  in  such  an  experiment  much  smaller  doece  of  baciiti  and  anti- 
plague  soruni  u-ith  the  same  dose  of  alexin  are  employed,  a  complete 
fixation  doe:?  not  take  place.  The  subsequently  introduced  cor- 
puscles are  finally  hemolyaed,  but  only  after  a  more  or  lesa  consider- 
able delay* 

The  &eni'n  of  guiriea^pigs  vaccinated  unih  the  first  anthrax  vaccine. 
—  Guinea-pigs  were  given  four  successive  intraperitoneal  injections 
of  the  first  anthrax  vaccine.  Five-  to  six-day  pepton-bouillon  cul- 
tures were  used  for  the  first  two  injections.  Three-  or  four-day 
agar  cultures  suspcndel  in  salt  solution  were  used  for  the  last  two 
injections. 

An  experiment  similar  to  the  one  with  antiplague  serum  was  then 
perfomied.  Aaacontroljn  the  place  of  the  serum  of  the  vaccinated 
guinea-pigs,  normal  guinea-pig  serum  was  used.  As  a  Ijacterial 
emulsion  a  24-hour  agar  culture  of  the  first  vaccine  suspendeil  in 
salt  solution  was  used.  Fresh  nonnal  guinea-pig  serum  fumiahwl 
the  alexin. 

The  results  were  identical  with  those  obtained  with  antiplague 
serum.  The  first  vaccine  plus  mtrmal  serum  absorbe  little  or  no 
alejdn.  There  is  complete  Ibcatioii  with  the  specific  serum.  la 
this  instance,  alao,  the  fixation  of  alexin  causes  no  visible  lesion  of 
the  bacterium. 

Serum  of  a  horse  inimiinized  agairist  s^inne  •plagjic—DT.  Frasey  of 
the  Pasteur  Institute  was  so  kind  as  to  furnish  us  with  strongly 
preventive  serum  for  the  swine-plague  bacillus.  In  this  serum  we 
were  also  able  by  the  same  inetlii.nl  to  duunnustrate  a  sensitizer  which 
allows  the  swiue^jlague  bjicillus  to  fix  alexiu. 

Serum  of  guiTtea-pu/s  tjoccinated  agaimt  B.  typho^ms.  ^  These 
guinea-pigs  were  given  three  injections  of  B.  ty]>hosus  suspen^led 
troQi  agar  cultures  in  salt  solution.    An  experiment  modeled  after 


fy^o 


BTL'DIES   IN  IMMUNITY, 


the  others  showoil  that  the  actave  serum  of  these  guinea-pigs  causes 
an  energetic  fixation  of  aJexin  by  B.  typhosus. 

IL  seeiiHil  worth  while  m  thLs  iiLstancf  to  iletermine  whether  this 
aensitiKer,  that  caases  a  fixation  of  alexin,  ia  striftly  specifii:.  For 
this  purpose  the  experimental  tubes  were  doubled  in  the  following 
manner:  One  scries  of  tubtsa  contained  mixtures  of  nomml  arid 
specific  sera  with  or  without  the  emulsion  of  specific  bacilli^  as  has 
alrea^ly  bct'n  deseribeiL  In  a  second  series  of  tubes  the  amounts  of 
serum  were  ideiUical  with  the  first  series,  but  an  emulsion  of  B, 
coli  instew.1  of  B.  typhufius  was  used.  Twenty-four-hour  agar 
cultures  of  each  organism  suspended  each  in  4  c.c-  of  salt  solution 
were  used.  The  agar  surface  covered  was  approximately  the  same 
with  each  organism;  and  yet  the  colon  suspension,  judging  from  its 
growth,  contained  more  organisms.  We  mention  this  point  so  that 
a  failure  of  B.  coli  to  fix  the  alexin  in  presence  of  antityphoid  serum 
may  not  be  attributed  to  an  insufficient  dose  of  baeteria. 

The  result  of  such  an  experiment  is  ver}'  clear,  Th(?  antityphoid 
scrum  shows  very  marlceil  and  yet  not  absolute  cpecilicily.  In 
fact  the  colon  bacillus  when  mixeil  with  antityphoid  serum  acquires 
the  property  of  absorbing  alexin  to  a  certain  degree.  ^Micreas 
relatively  small  dases  of  th«  typhoid  bacillus  and  antityphoid  ^erum 
absorb  alexin  completely,  much  larger  doses  of  B.  coli  with  the 
game  serum  arc  required  to  produce  even  a  partial  fixation,  For 
example,  if  scneitiaed  blood  corpuscles  arc  addeil  to  a  mixture  of 
UJc.c.  of  guinea-pig  alexin,  0.2c.c.  typhoid  emulsion  and  O.tic.c.  anti- 
typhoid scrum  (5b  degrees)  that  has  been  ataniling  for  a  few  houre, 
they  remain  indefinitely  intact;  in  a  mixture  containing  the  same 
amount  of  alexin  and  twice  the  dose  oJ  antityphoid  scrum  and 
cd<m  emulsion,  the  same  dose  of  corpusciea  is  hcmolyaed  after  an 
hoards  delay.  There  is  a  vcr>'  distinct  delay  in  this  tube,  aa  the  con- 
trols containiug  bacteria  are  completely  hcmolyactl  in  15  minutes, 
and  those  without  bacteria  in  2  minutes. 

Itisevident,  then^  that  the  colon  bacillus  reacts  distinctly,  though 
much  less  powerfully,  than  the  typhoid  bacillus  to  the  seaiitizing 
effect  of  antityphoid  serum  * 

Serum  from  convalescent  typh<nd  paiiGrUs.  —  Dr.  Widal  has  been 

*  It  ma.y  bo  noted  tluit  this  Bcnim  ngglutitmlea  B.  t^'pboaua  well^  but  baBDO 
more  eHeol  *m  B,  coli  thtic  nanual  serum. 
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so  kind  as  to  allow  us  to  take  3  to  4  c,  c,  of  blood  from  two  of  the 
convalescent  ca&cs  of  typhoid  in  his  hospital  service.  Both  these 
women  had  shown  the  cla^ical  symptoms  of  typhoid  fever.  At 
Ihc  Lime  the  blood  was  taken  the  temperature  had  been  nonnal  for 
from  20  to  30  days. 

The  aera  obtained  from  the  two  patients  were  heated,  together 
with  control  sera  from  each  of  us.  who  have  never  hail  typhoid,  to 
5li  degrees  for  a  half  hour.  A  small  amount  of  one  of  the  control 
sera  was  kept  unheated  for  alexin. 

The  result  of  the  experiment  was  very  convincing.  In  tubes 
containing  alexin  0.2  c.e.  (unheateil  human  hiprum),  emulsion  of  B. 
typhosus  (0-5  e.c-)*  neither  of  our  heate<l  sera  caused  any  fixation 
of  the  alexin.  Sensitizwl  rabbit  coqiu^sclw  arJded  a  few  hours  later 
were  hetnolyzed  va  rapidly  ba  in  control  tul**  containing  the  sera 
without  bacLerial  emulsion.  In  the  tubes  containing  human  alexin, 
typhoid  bacillus,  and  either  of  the  heateil  sera  From  typhoid  con- 
vnltscents,  subsequently  adtieil  sensitized  (-orpiLscles  remained  in- 
taut  for  days.  In  similar  mixtures  of  sera  without  bacilh,  hemolyas 
occurred  with  customary  rapidity, 

Conaei^uently,  the  power  of  causing  the  typhoid  bacillusf  to 
absorb  human  alexin  is  very  nmrked  in  the  serum  of  patients  con- 
valeacenl  from  typhoid, t 

It  would  be  of  interest  to  determine  just  how  highly  specific  such 
a  serum  is,  parti^^ulariy  by  comparing  the  reaction  as  between  B- 
typhosus  and  B,  eoli.  The  time  in  the  course  of  the  disease  at  which 
this  power  appears  in  the  serum  is  also  of  interest ,  but  would  neces- 
sitate an  examination  of  a  large  number  of  cases.  Hitherto  we 
have  had  neither  the  time  nor  the  material  to  conj^ider  these 
problems. 

Serum  of  guirtea-'pigs  vacttTiated  against  B.  proteus  vxdgaris. — The 
method  described  for  demonstrating  the  existence  of  a  sensitizer  by 

*  An  emulsiuu  [jn-parni  Ly  HUApcnding  li  3'l-bi>ur  agar  tulturc  of  B,  typhnnua 
in  5  D,c,  salt  Bolution  of  0.7  per  ceatr 

t  The  culture  of  B,  typhosus  used  was  oqp  tfial  had  been  carefully  controlled 
hy  Dr.  Binnt  of  ihe  Pu^teur  Institute,  who  v/hA  ao  IcldJ  as  lu  ^ve  ii  La  us, 

X  Theae  purticuiar  wra  were  only  faiatly  agglutinative  for  B,  typhoaua.  In 
bhUcoimcctioathGotiflcrvatioiieof  PfeifTcrand  Kolbmaybp  rc<aLlrd;  theynhowed 
rhattho  agglutinating  power  in  buch  Bern  doeBtiut  ma  pamllek  to  the  bactericidal 
poivcT. 
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fixation  of  alexin  ie  superfluous  in  the  case  of  antiprotcus  serum. 
The  proteus  bacillus  we  have  used  gives  a  granular  de^neration 
similar  to  the  one  shown  by  the  cholera  \'ibrio  in  cholera  serum 
when  placed  in  contact  with  fresh  normal  scrump 

Wc  know  that  the  vibrio,  too,  is  i:^ltghtlyaflfcctcd  by  normal  guinea- 
pig  gcruin.  Proteua  vulgaris  gives  a  complete  granular  transfor- 
mation with  a  sizable  dose  of  normal  serum,  but  a  much  smaller 
amount  suffices  if  a  little  he&h  or  heated  antiproteus  serum  la 
added.  This,  of  course,  demonstrates  the  presence  of  a  sensitiaer 
in  the  immune  serum. 

But  we  have  also  done  the  alexin  fixation  experiment  with  Proteua 
vulgaris.  The  expecteil  result  was  obtained:  the  organism  in  the 
presence  of  normal  guinea-pig  serum  absorbs  little  or  no  alexin^ 
but,  when  afTec.twl  by  tlin  specific  aenun,  take*  it  up.  In  the  latter 
instance,  of  course,  tionsitized  corpuscles  are  not  destroyed. 

Ill  the  experiments  up  to  this  point  we  have  uniformly  employed 
aensitizeil  rabbit  corpuscles  (i.e-^  those  treateil  with  speoific  serum 
from  the  guinea-pig  heat«l  to  55  degrees)  to  provi!  the  presence  or 
absence  of  free  alexin  in  the  fluiil.  In  view  of  tlie  conception  of 
the  unity  of  the  hemolytic  and  bacteriniytie  alexin  as  proved  a  year 
ago  we  might  have  uaetl  as  an  inJit^ator  either  other  corpuscles  or 
sensitized  bacteria,  such  as  cholera  vibrios,  to  bhow  the  presence  of 
free  aledn  by  a  morphological  change.  Such  an  eJtperiment  we 
have  perfi:>rmefl  with  B.  proleus  vulgaris  as  an  inilieator: 

A  24-hour  agar  culture  nf  PmteuM  vulgaris  waa  suspended  iu 
6  c.c.  of  salt  solution.  An  agar  culture  of  the  cholera  vibrio  was 
treated  in  the  same  manner.  Fresh  normal  guinea-pig  serum,  as 
alexin,  and  heated  proteus  serum  and  cholera  serum  were  also  at 
band.     The  following  mixtures  were  prepared: 

(a)  Alexic  serumj  0.2  c.c-;  proteus  emulsion,  0.3  e.c;  proteus 
serum,  5i}  degrees,  0.6  c.C- 

(b)  .\lexic  serum,  0.3  cx,;  proteus  emulsion,  0.t>  c.c;  nonual 
guinea-pig  serum,  5C  degrees,  0.6  c.C- 

(c)  Same  as  *'a/'  without  bacteria. 

(d)  Same  as  '*b/'  without  bacteria. 

live  houis  later  0.2  of  a  cubic  centimeter  of  the  following  mixture 
was  added  to  each  tube:  Emulsion  of  cholera  vibrios  0.5  cubic 
centimQter,  cholera  serum,  1  cubic  cenLimeter  56  degrees  (from  a 


THE  EXISTENCE  OF  SENSITIZING  SITBSTANCES. 


225 


vaccinatal  guinea-pig)-    After  li  hrura  in  the  tliermoatat  staina.! 
preparatirjns  were  marie  from  pat^ii  Iul>e- 

In  tube  "a"  we  found  that  the  cholera  vibrios  kept  their  nomial 
appe&rajice,  but  all  Che  Proteus  rods  showed  granular  degeneraliun. 
la  tube  "b/'  on  the  tantrary,  numerous  Proteus  rods  were  fouufl 
but  the  vibrios  hat!  all  lost  thdr  uormal  appearance  and  become 
eonipletcly  metamorphosed.  In  tubes  "c"  and  *W/'  containing 
no  Proteua,  as  ought  be  cxpoetc^l,  the  vibrios  were  completely 
transformed  *  It  is  obvious,  then,  that  in  tube  **a"  the  sensitized 
proteus  bacilli  have  absorbe^l  the  alexin  and  so  protected  the  sub- 
sequently adtied  \'ibrias. 

The  nuxtures  were  left  at  room  temperature  overnight  and  the 
next  day  placed  in  the  incubator  for  6  hours.  When  stained  prepa- 
rations were  then  tnatle  the  results  were  striking. 

In  tube  "a/'  in  which  the  proteus  bacilli  were  destroyed^  the 
cholera  vibrio  has  undergoue  nmriced  multiplication.  In  tube 
"  b,"  containirig  non-senfiitizetl  Proteus,  the  reverse  U  true ;  the  Pro- 
teus has  grown  out,  but  no  vibrios  arc  founvh  Therefore  in  these 
two  tubes  containing  the  same  amount  of  alexin  the  bactericidal 
power  has  been  directedj  in  one,  against  one  organism,  in  the  other, 
against  another.  Althouf^h  the  vibrios  in  each  mixture  were  equally 
Bcnsitized,  they  have  grown  in  tube  "a/'  because  the  harmful  in- 
fluence of  the  alexin  was  diverted  by  the  properly  Genaitiscd  Pro- 
teus vulgariet;  this  bacillus  haa  actcd^  ^  a  way,  as  a  shield  for  the 
vibrio, t 

The  data  considcrcti  in  the  present  article,  when  addecJ  to  those 
we  ahxjatly  have,  give  the  conception,  that  under  immunization  an 
animal  forma  an  appropriate  sensitizer  capable  of  causing  the  bac- 
teriuan  it  affects  to  absorb  alexin,  the  appearance  of  a  general 
law. 

We  shall  not  here  consider  how  far  the  presence  of  a  sensitizer  in 

*  Id  coqItoIa  of  bulb  Ibe  viljriu  asti]  Proleus  made  ^JLcb  witb  its  healttl  Efp«ci6c 
Mrum  hloDe  tbere  la  agglulinsiinn,  hut  no  mvlHtnurphoBis. 

t  Tbia  IB  a  corrccl  liemi^ia^tratiOD  of  Lbe  principle  o^fablishai  by  ana  of  un  in 
1895:  "TEtat  tLe  bactericiJal  GubHtaacc  Id  tbc  bame  iu  normal  aa  in  viccinaleii 
aniioals.  In  the  caw  of  aniuuiLi  vaccinatpii  against  pertain  di^vati^  ih«  energy  of 
the  bactcricUti]  BubBtaacc  acts  particularly  agaitiat  a  pivan  inicrol>c  owinn  to  the 
ftppcitii:  i»rFvi^nUveHub!?UiDCU  L£«utiUuer)H  y/hkh  voriea  accordiiLg  tt)  Elie  burturiuiti 
Ufled  for  immuniifttion.  It  Js  bymeiinflof  Ibin  pwulmr  preventive  &vjl>slaiice  tbat 
ihv  animal  hody  dirBcts  iU  rUairtctiva  powr  a^in^t  a  portioular  infectioa." 
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any  one  of  these  sera  eodows  it  with  curative  or  preventive  proper- 
ties For  normal  animals.  We  may  say  simply  that  the  function  of 
Bcnailiacrs  in  protecting  animals  must  vary  with  the  bacteria  under 
consideration.  Certain  of  these  bacteria  are  easily  destroyed  in 
fixing  alexin,  others  under  the  same  conditions  resist  better  (leaving 
aside  any  purely  physiological  alteration  that  may  occurj:  and 
oth(?ra  iloubtless  absorb  alexia  with  impunity.*  Several  thera|ieu- 
lie  sera  owe  their  aetivity  in  great  part  to  the  presence  of  anli- 
toxins.  The  seat  of  infection  must  enter  into  aecount,  a*!  alexin  is 
not  uniformly  distributed  thrcjughout  the  liody.  It  i^  certain  that 
Ihe  part  playeil  by  each  substance  of  active  serum  in  a  cure  by 
serum  therapy  must  vary  with  the  infection  under  consideration. 

There  is  one  fact  frequently  mentioned  in  this  article  that  we 
may  eoiisider  for  a  moment.  The  bacteria  studied  hwl  httle  nr 
no  alexin-iixiiig  prrjpt^rLy  unless  seiBitLced,  and  even  whensensiliKp*! 
the  bacteria  harl  to  be  relatively  numerous  Ui  absfjrb  alexin.  Ccn- 
sequently,  in  animals  invajlc*!  by  a  piiThogenic  micro-orgaiiLsin,  we 
should  scarcely  imagine  death  to  be  due  to  an  insufficiency  of  alexin 
in  the  body.  An  assertion  that  this  ia  the  cause  of  death  is,  more* 
over,  to  lose  sight  of  tlie  fundamental  and  wcll-provei.3  idea  that 
yielding  to  an  infection  is  primarily  due  to  an  inalwhty  of  the  phag- 
ocytes to  take  up  the  infective  agent.  And  then  —  even  supposing 
protection  by  alexin  to  be  the  essential  factor  in  immunity  —  death 
would  not  bedue  to  a  lack  of  alexin,  but  ratherto  a  lack  of  utilizing 
or  absorbing  it. 

We  should  scarceJy  expect  in  treating  liuman  bacterial  infections 
that  —  as  Waj^ermann  hm^  expresse<l  the  hope  —  the  fiAlministra- 
tion  of  certain  normal  sera  or  alexins  in  addition  to  the  specific  serum 
could  be  recommended.  It  is  unrcusonable,  since  the  alexins  from 
foreign  species  affect  not  only  bacteria,  but  bcxly  colls.  Ami,  more- 
over, the  animal  would  soon  protect  itedf  from  such  Injections  by 
forming  anti-alexins. 

'  Yfc  intend  to  dctenniiK?  vtiether  th^  Berum  of  tuberculoua  iadividii&ls  i?on- 
tainfl  a  scneitiaer  copable  of  cauaing  Ko«h's  Jwicillua  to  absorb  alexin.  If  aiieh  a 
Beoaittier  \b  present,  it  would  be  a.  good  exaiapli;  oT  out  Ui&b  ecrvea  no  dutioctly 
useful  purpose^ 
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Conclusion': 

1.  Specific  sensitizers  are  formed  in  vaccinated  animab  as  a 
gener&l  rule.  The  sen^tizers  active  ag^nat  various  bacteria  have 
the  common  property  of  cauaing  the  oi^aniams  they  affect  to  ab- 
sorb alexin. 

2.  The  extent  of  the  damage  that  alexin  absorption  causes  in 
bacteria  varies  with  the  organism  concerned. 


XI,    ON  THE  MODE  OF  ACTTON  OF  CYTOLYTIC  SERA; 

AND  ON  THK  UNITY  OF  THE  ALEXIN  IN 
A  GIVEN  SERUM.* 

Br  DR.  JULE3   BORDET. 
[From  /Vq/c«or  Mckhnikoff'a  LabamtoTy.) 

Tlie  coni^eption  that  bacteritjlysis  by  cliolera  serum  and  that 
hemolysis  by  hemolytie  st-ra  are  due  to  the  combined  action  of 
Iwo  distinct  substances,  as  proved  by  us  ia  1895  antl  1S9S,  is  now 
generally  accepted.  These  two  substances  are,  first,  the  alexin,  the 
cellulicidal  and  bactericidal  substance,  properly  speaking,  occurring 
in  the  serum  both  of  nomml  ami  of  iminum^eil  amruaL*^;  and,  second, 
the  specific  sensitizing  substance  that  endows  an  immune  serum 
nith  the  particular  property  of  favoring  alenc  acti\ity.  In  collab- 
oration with  Dr.  Gengou  wg  have  describer!  in  the  preceding  article 
a  method  of  demonstrating  the  existence  of  sensitizing  substances. 
This  method  depends  c^entially  on  the  fact  that  a  specific  bac- 
teriolytic or  hemolytic  serum  heatoiJ  tn  55  degrees,  and  so  deprived 
of  its  own  destructive  power,  will  ecnfer  a  bactericidal  or  hemolytic 
power  on  normal  alexic  serum  to  which  it  ia  added.  We  furthex 
demonstrated  by  a  new  method  that  these  sensitizing  substances 
arc  present,  certainly,  in  many,  and  probably  in  all,  antimicrobial 
sera  resulting  from  artificial  immunization. 

But  the  elementary  fact  that  the  destructive  action  of  a  serum 
is  due  to  the  collaboration  of  the  alexin  and  the  sensitizer  is  not 
sufficient.  An  attempt  should  be  made  to  discover  the  inner 
mechanism  of  the  phenomenon  and  to  determine  the  exact  nature 
of  the  reaction  between  the  active  substances  and  the  affected  cells. 
It  is  orily  since  1S99  that  this  new  problem  has  been  attentively 
considered;  the  data  obtainc^l  are  not  as  yet  very  numerous  and 
yet  three  important  fact^  have  been  fimdy  established.  These 
facts  we  shall  enumerate  an<l  shall  then  consider  the  interpreta- 
tions to  which  they  have  given  rise. 

■  Sur  Lc  modo  d^aciion  dcs  s^ruzna  cytolytique  ct  enr  I'uoit^  da  Talexine  dftlU 
im  minae  ofrum.     Ami&ti^a  dc  I'lnatltut  roateiir,  XV,  1901,  303. 
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I.    Does  the  Alexin  Unite  witb  the  Sensitjzino  Substance? 

The  first  of  the  three  facts  mcnlionwl  cnnrerns  normal  Bcra  par- 
ticularly. In  many  instances  wlien  a  certain  amount  of  normal 
serum  from  one  specica  b  a^icicd  to  the  red  blood  corpLiscles  of 
another  epecits  only  alight  hemolysis  occurs.  It  ]a  particularly 
true  that  a  large  number  of  corpusclea  remain  intact  if  the  con- 
tact is  briefn  If  we  then  separate  these  corpuscles  by  centrifugalisa- 
tion,  and  wash  them  so  as  to  remove  the  normal  serum,  we  lind  on 
a<Uiing  a  sensitizer  (that  is,  a  heated  serum  active  against  the  cor- 
puscles in  question)  that  no  hemolysis  occurs.  This  experiment 
was  first  performed  by  EhrhcU  and  Morgenroth*  It  proves  that 
non-sensitized  corpuscles  mixed  with  normal  serum  do  not  absorb 
the  alexin,  for  we  know  that  if  the  alexin  is  present  the  a<Mit3on 
of  ao  appropriate  sensitizer  will  hemolyse  the  eor^juscles.  This 
fact,  that  unsensitized  cori'mscle?*  do  not  fix  the  alexin  of  normal 
serum,  is  apijlicable  only  U.\  thiise  corpuscles  that  have  remaineil 
intact,  hut  liears  no  relation  to  ths?  few  corpuscle*  that  have  been 
destroyeih  There  are  certain  normal  sera  that  have  great  hrano- 
lytic  activity  for  certain  species  of  corjiuscles.  For  example, 
hen  serum  destroys  rabbit  corpuscles  energetica]iy.+  When  the^e 
corpuscles  are  addc?d  Ui  hen  serum  they  absorb  alexin  very  dis- 
tinctly, as  is  shown  by  the  fact  that  frefth  rabbit  coq)uscles  a*lded 
to  such  a  hemolyzeil  mixture  reni^n  intact.  J 

We  may  conclude  from  these  two  experiments  that,  when  mixed 
with  normal  serum,  corpuscles  that  remain  intact  do  not  affsict 
the  alexin,  whereas  corpuscles  that  are  destroyed  absorb  a  certain 
amount. 

The  two  other  facts  about  the  specific  hemolytic  sera^  obtained 
by  injecting  animals  with  detibrinated  blood,  are  the  following: 

WTien  a  hemolytic  semm,  pre\'ioualy  heattti  to  55  degrees,  is 
mixed  with  the  corpuscles  affected  by  that  serum,  these  coq^uscles 

*  SeeCollRcLcd  StLidieH  dq  Immunity.  Ehrlicli-Bulduan,  John  Wiley  aitd  Sons, 
p.  1. 

t  8m  article,  p.  134. 

]  Tbt^y  rtmuia  intact  evcD  if  heated  hen  n^rum  la  also  added  Co  the  oiiKturci, 
crhieh  prove«  that  i1  is  indeed  ihe  alexin  thai  }i&^  betn  abaor^d.  The  objeOtioD 
indeed  roi^-ht  be  raised  lliat  the  first  corpoaclea  Uestruycd  have  AtiL  absorbed  much 
sIcJiin,  bul  have  RxeJ  the  uunuul  HeimitLJ&er  uf  heimt-niiEi  neceuiiu-yfurjiBubseqiient 
bemolysia;  th«  addition  cf  heuted  bca  «erum  finawen  this  objectioa. 
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i^S'jrh  the  aen-ntizer  mergetictiilj/  and  ilcprive  the  fluid  of  it.  This 
fact  wa-H  first  irrefutably  proves]  by  Ehrliuli  and  Morgenrollj  * 

The  third  fact  ©tablinhwl  by  ua  a  year  ago  t  i^  that,  in  a 
mixture  uf  fresh  normal  serum  (alexin)  and  aenisitizal  t;orpuflcl*w 
or  bacteria  (that  w,  treatei!  with  an  appropriate  heateil  hemo- 
lytic or  bacteriolytic  serum)  ifie  alerin  tiiat  tle/itroys  tfte  sert,vi^i2ed 
ceUs  IS  iiJ}sorhed  by  them  tmd  dinapp&irs  from  tfie  fluid.  This  fixa- 
tion may  be  so  (*nmplcte  that  Ihe  fluid  compietely  loses  its  power 
to  destroy  subsetjupiitly  adJed  sensitized  cells. 

These  are  the  principal  facts  derived  from  experiments,  apart 
from  any  thetiry.  We  may  now  attempt  to  explain  the  reactions 
between  sensitive  ceUs  and  active  substances  in  the  light  of  these 
facta. 

Accofding  to  Ehrlich  and  Morggnroth  the  epecific  antibody 
(eensiliaer)  acts  as  a  real  interraediaiy  body  (Zwischenkorpcr, 
Amboeeptor),ajoininglink  united  on  the  one  hand  to  the  corpuscles 
and  on  the  other  to  the  alexin-  In  other  words,  the  absorption  of 
the  alexin  by  the  sensitized  corpuscles  is  not  due  to  any  dir^tinct 
affinity  of  the  corpustiles  for  the  alexin-  The  absorption  cf  tho 
alexin  ie  indirect  only;  the  corpuscle  is  joined  to  the  intermediary 
substance  which  unites  chemicaUy  by  its  other  polo  with  the  alexin. 

Our  conception  of  the  phenomenon  is  quite  different.  Wc  rt^ 
ganl  the  eensitizer  as  uniting  mth  the  oorpuscle  anJ  so  modif^dng 
it  Be  to  qUow  a  direct  absorption  of  Ihc  dcxin.  The  action  of  the 
BGnaitizcr  on  cells  would  be  similar  to  that  of  fixing  or  mordanting 
agents  that  give  certain  aubstancoa  or,  in  hbtological  technit^  certain 
cells  the  power  of  absorbing  dyes  that  were  previously  not  taken. 
We  know  tliat  i^light  inotliftcations  suffine  to  make  ccUfl  take  ataina 
that  normally  do  not  affect  them.  To  be  sure,  in  speaking  of  mor- 
danting we  do  not  mean  that  all  the  phenomena  of  dyeing  muat 
agree  with  the  phenomena  under  consideration;  we  have  simply 
offered  a  comparison  in  order  to  simpUfy  our  explanation.  The 
hypothesis  we  wish  to  emphasize  ia  that  in  presence  of  hemolytic 
serum  the  corpuscle  itself  becomes  capable  of  absorbing  alexin 
directly,  owing  to  its  mochfieation  by  the  seneitizer.  In  other  words, 
we  see  no  reason  for  considering  that  the  sensitizer  Ltficif  combines 

■  LoO'Oit^.p.  0. 

t  Sm  p.  isa. 
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With  the  alexin,  as  Ehrlirli  ami  Vttjrgenroth  believe,  or  that  this 
umoti  Ls  iiBot^sary  in  ortk'r  ihaf  tht-  alexin  may  roanh  the  corpuscle. 

It  niur^t  be  a^linitteil  that  both  of  Lhe^p  InlerpretatiorLs  an.^  purely 
hypothetical  and  have  been  sanetional  by  no  well-proverJ  fact.  We 
ehoulil  th*^n  find  out  how  far  either  of  these  hypothests  conforms 
with  reality  bv  (leU-rmining  how  far  deductions  fn;ini  tbeni  agree 
with  experimental  fact. 

Let  us  consider  a  fresh  hemolytic  serum  containing  both  alexin 
and  sensitizer-  AccoRling  to  Ehdich  and  Morgenroth,  this  seii- 
Eitizer  IS  combined  with  alexin — if  not  with  all  of  it,  awing  to  its 
possible  excess,  at  lea^st  with  a  more  or  less  considerable  amount 
of  it.  WHien  corpuscles  are  added  the  seDsiti2er  unites  with  ihem, 
dragging  after  it  the  alexin  fixed  by  its  other  pole.  The  amount 
of  ale3dn  that  can  atTect  the  corput^cl^  must  be  only  that  portion 
previously  fixed  by  the  Eensiti;Ber,  If  there  ie  more  alexin  in  the 
eerum  than  L^  nect^aary  to  saturate  the  sensitizer,  the  excess  could 
have  no  effect  on  the  corpuscltis  and  would  consequently  not  be 
utilized.  Wc  may  therefore  conclude  that  the  added  corpuscles 
are  unable  to  modify  in  the  aligfUcsi  degree  the  established  relations 
between  alexin  and  sensUizer;  they  simply  ^  the  sensitizer  an*.l  arc 
destroyed  by  the  alexin  already  united  with  this  intermediary 
bcdy. 

WTiat  will  happen  if  we  acid  to  such  aji  active  hemolytic  scrum, 
apewfic,  let  us  say,  for  rabbit  corpuscles,  another  scnyitiaer,  say  a 
heate<l  serum  affecting  hen  corpuscles?  The  result  is,  qa  might  Ik'  an- 
ticipBlcil ,  that  the  niixture  obtained  destroys  hen  or  rabbit  corpu^iclca 
indiffercnlly.  In  accordance  with  the  theory  of  Ehrlich  and  Mor- 
genroth one  must  consider  the  two  sensitizers  as  struggling  to  -share 
the  alexin:  part  of  it  unites  with  sen&itizer  A  and  the  re^t  with 
flCnjjitizcr  B,  If  we  then  a*ld  the  corpuscles  affected  by  aensitiaer 
A,  obviously  they  will  absorb  it  and  be  injurctl  by  the  alexin  already 
united  to  this  inlermeiiiary  body  A.  But  there  is  no  logical  reason 
to  sup|)ose  that  tliese  corpuscles  will  be  attacked  by  the  rest  of  the 
alexin  united  to  the  other  sensitizer  that  has  no  combining  influ- 
ence with  them.  Consequently,  on  atlding  subsequently  the  other 
species  of  L'oqjuscles,  we  j^hcnjld  expei:t  them  to  l>c  destroyed  by  the 
remainder  of  the  alexin  attachetl  to  aeneitizer  B  which  is  specific 
for  Iheae  corpuscles* 
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Such  an  experiment  planned  to  r^nrroboratL*  these  theoretical 
(leduetioiLS  from  the  EliHich  aiiij  Morgenrotb's  hypothesis  fails 
completely  to  do  so.  Two  exactly  similar  mixtures  A  and  B  are 
prepared^  containing  each  0.2  of  a  cubic  centimeter  of  fresh  hemo- 
lytic fierura  from  a  guinea-pig  that  hatl  been  given  four  injections 
(from  4  to  5  c.c)  of  rabbit  blood,  and  1  c,c.  of  the  heated  (55 
degrees)  serum  of  a  rabbit  treated  u-ilh  hen  blood.  To  mixture 
A  is  added  0.6  of  a  cubic  centimeter  of  defibrinatetl  wa^ihed  hen 
blood;  the  corpuscles  are  soon  destroy(>J,  Nothing  is  abided  to 
mixture  B  for  the  moment. 

A  few  houiB  later  2  drops  of  defibrinated  rabUt  blood  are  adtied 
to  each  mixture.  In  mixture  B  destruction  of  the  eorpuecles  is 
complete  In  about  45  minutes.  There  Is  then  enough  alexin  ]>resent 
to  destroy  these  corpuscles;  we  have,  moreover,  atlmiltCil  that  the 
portion  of  the  idcxin  that  produces  this  effect  was  alrea<iy  com- 
bined with  the  scn^itiacr  for  the  eorpuecles  in  question.  The  other 
mixture,  however,  proves  that  this  is  not  so. 

Mixture  A  is  identical  with  B  except  it  contains  in  Addition  hemo- 
lyacd  hen  corpuscles.  The  rabbit  corpusclca  remain  intact  in  this 
mixture;  even  on  the  following  day  they  may  be  diacemed  among 
the  nuclei  of  the  hen  corpuscles^*  The  hen  corpuscles  then  have 
uaoi  up  all  the  alexin,  and  if  wc  were  to  follow  the  hypotheaia  of 
Ehrlich  ami  Morgcnroth,  wc  should  be  forced  to  conclude  that  the 
sensitizer  acting  on  hen  corpuscles  had  combined  with  all  the  alexin, 
preventing  the  other  sensitizer  (active  against  rabbit  corpasclcs) 
from  sharing  it.  Such  a  conclusion  must  also  hold  for  mixture  B 
containing  the  same  doaea  of  the  same  sera.  And  yet  in  ihb  mix- 
ture B  the  sensitizer  that  has  not  combined  with  the  alexin  has 
l)een  able  to  destroy  it«  apt^rupriaie  corpuscles.  Tliere  is  no  reason, 
then,  in  explaining  hemolysis,  to  assume  that  the  sensitizer  conibiues 
with  the  alexin.  On  tlic  contrary,  it  seems  clear  to  us  from  this 
experiment  that  the  conjuscles  rioflitie<l  by  Iheir  union  with  the 
sensitizer  absorb  the  alexin  tlirectly  and  prevent  it  from  acting  on 
other  celliH  When  the  corpuscle  is  not  present  the  sensitizer  in 
no  way  fixes  the  alexin  or  prevents  it  from  acting  on  the  first  properly 

*  Tho  livatrjctioQ  of  tlic  rabbit  corpusclcff  tnkee  plooc  en  oddilion  or  alexia 
(QQfiuiil  gumea-|iis  fterutn);  the  corpuaclea  are  thvo  rapJJIy  dealnfyeJ^  sbuwrng 
thai  they  have  abRortwd  Choir  apprapriaCe  Aensiiixer. 
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eeDsitized  cell  with  which  it  comes  in  conUct.  It  would  be  well, 
then,  to  ^vc  up  tlic  tcmia  Zwisckenkdrper,  Amboceptor,  OTid  Coni- 
plertierU.  words  chosen  under  the  dominaticn  of  theories  which, 
althou^  ingenioua,  and  capable  of  having  advanced  acicucc 
by  the  csperimcnta  they  have  suggested,  are  not  justified  by 
experiment* 

This  experiment  we  have  juat  quoted  is  similar  to  those  we  have 
already  discu^cd  in  previous  articles.  Wc  wish  here  simply  to 
emphasize  more  fully  the  conclusiona  that  may  be  drawn  from 
them:  it  also  seems  wise  to  repeat  the  experiment  with  certain 
variations  to  show  that  it  invariably  gives  the  same  results. 

For  example,  we  can  make  a  mixture  of  0.5  of  a  cubic  centi- 
meter of  fresh  unheated,  normal  guinea-pig  serum,  2.5  c.c,  of 
heated  serum  from  a  guinea-pig  inimunizc<.l  against  rabbit  bloixl 
and  2.5  c.c.  of  heated  serum  from  a  guinea-pig  imraunizeil  i^ainst 
hen  blood.  One-tenth  of  a  cubic  centimeter  of  this  mixture,  con- 
taining alexin  and  the  two  sensitizers,  destroys  0. 1  of  a  cubic  centi- 
meter of  defibrinatetl  washed  hen  blood.  The  hen  blood,  however, 
remains  intact  in  twice  the  aintmnt  nf  mixture.  0.2  of  a  cubic 
centimete-T,  if  there  has  previously  Ijeeu  a/ided  to  it  0.3  of  a  cubic 
eeotimeter  of  washwl  rabbit  blood,  Tlie  rabbit  coqjuseles  are 
[JestroytKl  an*l  absorV*  all  the  alexin  present  without  leaving  any  for 
the  hen-coq]usele  sensitizer. 

In  a  iitmilar  mixture  of  fresh  normal  guJaea-pig  serum,  heated 
guinea-pig  senim  affecting  rubbit  bliwid,  and  heated  rabbit  serum 
active  against  lit-n  corjiUscleH,  the  revenue  experiment  may  be  per- 
formed. This  mixture  is  divid^l  in  equal  pfirts.  To  one  is  added 
corpuscles  A  and  a  fi-w  honni  later  eorpuseU-s  B;  lo  the  other,  firet 
B,  then  A.     As  in  the  preceding  experiments,  the  introtluction  of 

*  In  tUc  experiment  just  coaaidered  IhcreisatLird  iD[xlureCci^t]tjiiDJDj',  outhc 
QLher?,  0.2  of  li  cubic  ceut^mt^ti^r  or  fresh  Ueiuolj^ic  serum  EpetiHir  fur  r^^bbit  cot- 
piisclGB.  la? lead  of  hsatcd  mhl^iit  B?rum  active?  agsitul;  heo  corpuscl^J  il  oontuina 
tbc  sam?  amount  (1  c.c.)  of  heated  normitl  Toljbtt  aerum.  Whcti  DO  of  a  cubic 
ceadrneter  of  hen  blood  \i  ftilded  thers  is  uo  bi-mulydifi.  Oit  arJding  2  drops  of 
rabbit  blood  hemolyyis  ia  as  rapid  as  m  ]i.  Kmce  \i  and  C  aet  alike  tte  conclude 
tbat  Dcither  thr^  dco^itkcr  for  hen  corpu»?Lcf<,  oor  hca  corpuscles  tliemflclvea,  are 
able  alone  in  uli^rb  uIaeld;  the  two  jonsl  be  uoittd  to  proriuce  lltM  ro^tult.  Aa 
Tvc  have  already  shown  in  a  similar  expifriaicot  (fic«  p,  ]8(>].  corpuaeioa  froin 
BpQciea  other  ttitLo  tho  oae  affected  by  the  LKJiditiTicr  that  ia  preaent  leave  Uie 
Alenln  uDcLoDgiH]. 
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one  kinil  uf  eoqni.M;lp  prevTuts  ^l^^tmc(iun  of  the  seennd  kind. 
CQntR>ls  j^huw  IhttL  llie  iLnioiint  of  t'ilher  species  of  corpuscles  added 
IS  rapidly  destrnyel  with  even  half  the  amount  of  each  raixture 
pn>videci  that  the  other  knid  of  corpuscles  has  not  previously  beeo 
fldded. 

The  experiments  rpporteil  in  e*»lUboration  with  Dr,  GcEgou  in 
the  previous  article  are  also  of  significance  in  this  connection.  They 
prove  that  the  addition  to  alexic  serum  of  a  sensitizer  active  against 
bacteria  does  not  deprive  the  serum  of  its  power  to  destroy  sub- 
Ecquently  added  sensitized  corpuscles  or  sensitized  bacteria  of 
another  variety.  But  if  the  sensitizer  added  in  the  first  place  is 
accompanied  by  the  bacteria  for  which  it  is  specific,  the  serum  is 
entirely  deprived  of  its  alexic  power.  Here  again  it  is  the  sens!' 
ti^er  plus  bacterium  and  not  the  sensitizer  alone  that  takc^  up 
the  alexin. 

We  may  now  consider  an  objection  that  Ehrlich  and  Mcrgcnroth 
have  raised  to  our  hypothesis.  These  investigators  ima^ne  that 
to  flj^ec  with  our  conception  a  sensitized  corpuscle  should  be  equally 
affectai  by  any  alexin  coming  from  atiy  animal  species.  They 
mention  the  fact  that  rabbit  corpuscles  must  be  much  more  power- 
fully  sensitized  to  be  hemolyacd  by  rabbit  alexin  than  when  guinea- 
pig  alexin  i^  employei.1. 

The  fact  is  exact;  we  are  all  the  more  ready  to  admit  it  as  we 
ouiBclvcs  mentioned  it  in  the  article  that  gave  rise  to  EhrUch  and 
Morgenroth's  objection  *  AVc  are  at  a  lo9,s,  however,  to  understand 
how  these  investigators  ahouk)  imagine  that  in  our  opinion  sen- 
eitiaed  corpuscIcB  should  be  equally  susceptible  to  various  alexins. 
Our  idea  is  quite  the  opposite.  Since  the  alexins  in  the  different 
animaJ  species  are  not  identical,  it  is  quite  obvious  that  they  should 
not  all  liave  an  equal  tendency  to  destroy  a  0ven  corpuscle.  '  And 
consequently  a  weak  sensitization  may  at  times  render  a  corpuscle 
susceptible  to  certain  alc-xin.ii»  while  a  strong  seiisiliaation  would  be 
necessary  to  caui^e  weaker  alexiu.s  tn  proiluce  as  great  an  effect. 
In  the  instance  under  consideration ^  it  is  quite  conceivable  tijat 
mhhit  corpa*^cles  must  be  strongly  sensitized  to  yidd  to  rMll  alexin, 
wliich,  under  normal  conditions,  Ls  quite  harmless  for  its  pmper 
corpuscles.     It  is  evident^  then^  that  a  given  dose  of  a  given  sensi- 

*  S™  p.  1S7. 
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tiaer  would  seera  to  affect  a  corpuscle  differently,  according  to  the 
alexin  used.  In  different  inelanees  the  Benaitizer  may  be  the  eame, 
but  tlie  dose  would  var>'  with  tho  alexin  employed. 

l-Vom  this  cfliiily  explicable  lact^  that  the  amount  of  sensitizer 
necessary  varies  with  the  ale?£in  employed,  Ehrlich  and  Morgenroth 
justified  in  concluding  that  the  scrum  contdns  several  sen- 
\,  all  of  which  affect  rabbit  corpuscles,  but  wliieli  differ  from 
one  another.  One  of  thei^e  senaitiaer^  renders  the  cor[3U3cle  suscep- 
tible to  guinea-pig  alexia,  and  another  to  rabbit  alexin.  This  com- 
plicates unneceasarily  the  already  sufficiently  complicated  question 
of  hemolytic  sera  * 


II»    On  the  Unitt  or  the  Alexix  in  a  Givtv  Serum. 

We  know  that  the  alexias  frniii  different  animal  spetries  are  not 
identicjJ.  But  does  a  given  alexic  serum,  say  from  the  guinea-pig, 
contain  a  singli?  alexin  or  several  of  tlieni  that  differ  in  chemical 
constitution?  It  is  rather  difficuU  to  rejjly  to  the  question  put  in 
this  way,  a.s  our  knowleilge  of  the  chemii^al  nature  of  the  alexin 
is  practically  nil.  We  may  question,  howev(*r,  whether  the  alexin  Ls 
functionally  simple,  that  is  to  aay,  whether  the  alexin  (or  alexins, 
if  there  are  sevt^ral)  can  attack  various  cells  such  a^  coqiuach^s  and 
bacteria  indifferently,  particulariy  when  these  cells  are  sen-sitiaed. 
In  this  form  the  question  is  of  lively  Interest  in  studies  cm  inmumity 
and  may  be  more  easily  answenxL 

We  know  tliat  Buchner  in  liis  first  studies  on  the  alexins  of  normal 
sera,t  that  have  by  now  become  classical,  considered  the  substance 
that  destroys  bacteria  as  identical  with  thG  one  that  produces 
hemolysis.  We  offered  facts  a  year  ago  that  seemec:!  to  corroborate 
this  opinion. 

We  have  just  recalled  these  facts  in  the  preceding  article.  When 
a  serum  Is  deprived  of  its  alexin  by  the  addition  of  a  sensitized 
bacterium  or  corpuscle,  the  fluid  becomes  incapable  of  destroying 
another  sensitized  cell,  even  when  it  is  different  from  the  one  that 
has  taken  up  the  alexin  in  the  first  place.    It  must  then  be  always 

*  B7  the  same  prncene  of  reaiu>ning  Kbrlirh  nnd  Morgenrolt  Ihiak  timl  m  a 
given  normal  ccmm  thers  arc  several  mrorrofiluLry  bodiivA  (sensitiiorar,  all  aelivft 
&gaiD:4t  tbc  aamc  corpUH:U'^,  but  i^ach  rcquinnj*  a  HifTcrent  nli:\m. 

t  See.  for  example,  VerhaDdlungea  der  <>>rigreHse4  U\t  innere  Medicia,  1S92. 


23tJ 


STUDIES  IK  IMMUNITY 


the  same  alexin  that  unites  with  am]  destroys  various  cdls*  In 
the  preceding  article  with  Dr  Gengou  we  found  that  various 
bacteria  id.iS(tHj  llie  alexin  which  is  essential  for  the  destruction 
of  red  blood  cells  or  of  other  bacteria. 

We  may  mention  two  other  similar  experiments-  The  red  spiril- 
lum, a  non-pathogenic  organism,  is  readily  destroyed  by  the  serum 
of  a  normal  guinea-pig,  oven  without  the  addition  of  a  sensitizer, 
In  each  of  two  tubes  is  placed  0.2  of  a  cubic  centimeter  of  fresh 
hemolytic  serum  obtaineti  from  guinea-pigs  immunized  against  rab- 
bit blooJ-  To  lube  "a"  0.3  of  a  cubic  centimeter  of  guinea-pig 
blood  is  added;  to  tube  "b"  0.3  of  a  cubic  centimeter  of  washed 
rabbit  blood.  After  a  few  hours  2  drops  of  an  emulsion  of  the 
spirillum  are  addetl  to  each  tube  and  they  are  placed  in  the  ineu- 
batur.  The  spirilla  are  destroyed  b  Lube  "  a, "  in  whii:h  the  guinea- 
pig  eorpusclee  have  remained  intact;  they  remain  nornml  in  tube 
*'b"  containing  hemolyzcd  rabbit  corpuados.  Scneitized  hen  cor- 
pUBcles  subecquoLtly  added  to  both  tubes  are  hcmolyzed  in  ''a/' 
but  remain  intact  in  "b."  Rabbit  corpuscles,  then,  by  absorbing 
the  alexin  protect  two  very  different  cells  —  the  spirillum  and  hen 
corpuscles, 

In  the  other  experiment  we  have  to  deal  with  a  rather  peculiar 
instance.  We  may  aak  whether  the  rabbit  alexin  that  destroys  aen- 
aitizal  rabbit  corpuscles  differs  from  the  alexin  in  the  same  serum 
which  attacks  other  species  of  corpusclea.  Experimentally  wc  find 
that  it  does  not^  In  each  of  two  tubes  "a"  and  '*b"  is  placed 
0.2  of  a  cubic  centimeter  of  washed  hen  blood;  0.2  of  a  cubic  cen- 
timeter of  fresh  normal  rabbit  scrum  15  then  added  to  each.  To 
tube  *'a"  is  then  addal  O.G  of  a  cubic  centimeter  of  serum  from  a 
rabbit  treated  with  hen  blood  and  healed  to  56  degrees.  To  tube 
"  b  "  0A>  of  a  cubic  centimeter  of  normal  rabbit  senim  {56  degrees) 
Is  tuldal.  The  hen  corpuscles  are  hemolyzed  in  '^a,"  but  remain 
intact  in  '*b."  After  a  few  hours  0.2  of  a  cubic  centimeter  of  the 
follok^-ing  mixture  is  abided  to  each  tube:  Wa'^hai  ralibit  bloo<l, 
20  droits;  serum  of  a  guinea-pig  treated  with  rabbit  blotxl  and 
heated  lo  *%  clegrces,  2  c,e. 

These  Ben.sitJBetl  corpa-icles  are  destroyed  in  "b"  and  remain 
intact  in  '*a." 

The  fact  that  a  ^ven  alexin  may  attaek  different  cells  seems  to 
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UB  sufficiently  proved  by  oU  these  experiments.*  We  must  now 
take  up  certain  objcetiona  that  have  been  offered  to  this  opinion, 
some  of  which  seem  rather  gerious. 

Ehrlich  and  Morgcnroth  found  that  the  scrum  of  a  goat  immu- 
nized against  ahcep  bioori,  when  heated  to  56  degrees  or  even  higher, 
lo3C9  its  power  of  destroying  various  species  of  corpuseles.  such  aa 
the  guinea-pig:  and  the  rabbit,  which  it  previously  attacked,  Thia 
loss  affects  the  non-specific  hemolytic  power  present  in  normal 
goat  serum  and  acting  on  corpuscles  not  used  in  the  immuniKation 
of  this  animal.  But  this  goat  senim  still  shows  a  distinct  ability 
to  destroy  sheep  bloody  for  which  it  is  specific.  Ehrlich  and  Mor- 
genroth  conclude  that  this  serum  cont^na  several  alexins,  some 
of  which  are  destroyed  at  5G  degrees  and  others  of  which  resist  this 
temperature.  It  is  jiust  as  easy  tn  ima^ne  that  we  have  to  deal 
with  a  .single  alexin  ni<><hfieti  or  attentuatetl  by  heating.  The 
alteration  is  sufficient  to  inhibit  the  hemolysis  of  non^^cTisUued 
corpu.**[^les.  which  is  never  very  strong,  but  does  not  prevent  the 
de?^tmction  of  corpuscles  that  an?  sensitlaed  and  so  rendered  more 
susceptible  by  the  same  aenim. 

In  another  exjierinient  Ehrlich  anii  Morgenrath  pass  the  aenim 
of  a  noniial  goat,  that  destroys  guinea-pig  and  rabbit  corpuscles, 
through  a  Pukal  filter  After  filtration  the  senim  still  destroys 
guinea-pig  corpuscles,  but  does  tiot  afTect  rabbit  corpuseles.  Accord- 
ing tij  the?«?  authors  one  of  the  alexins  if<  retainetl  by  the  filter  and 
the  other  passes  through;  this  would  imply  that  the  two  alexins  in 
question  must  have  well-marked  chemical  differences  to  act  bo 
differently  in  rispect  to  tfic  filter  It  is  to  be  netted  that  here  again 
we  are  dealing  with  hemolysis  by  a  normal  serum  which  \s  never 
intense  and  may  be  affecte<l  by  slight  variations.  It  is  quite  evi- 
dent that  the  serum  after  filtration  does  not  have  as  much  alexin 
as  before,  but  there  is  no  reason  for  supposing  that  there  are  two 
distinct  alexins.  It  may  well  be  iniaginftl  that  filtration^  by  remov- 
mg  from  serum  some  of  its  elements,  has  so  modified  its  pliy.^ical 
properties  as  to  render  it  less  favorable  for  pretiorving  corpus- 
eles; we  may  well  imagine,  then,  that  certain  spccioa  of  corpiisclesj 

*  It  Is  aim  in  tiarmony  with  the  fact  we  pr^vioualy  establuilied,  tliat  an  anti- 
&lc3iii?  scTTitQ,  a^utraluiiig  the  aJeiin  oF  the  scrum  of  a  given  species,  prolate  tbe 
r^uioo^  colb  dull  are  a9eot«d  by  ibis  alexia,  «von  niiea  they  are  seosttiAod* 
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which  are  more  Bus^^pptible  thaji  others  to  the  physical  cliangf« 
in  the  Burroumling  fluid,  shoulft  yielrl  more  readily  to  traces  of 
alexio.  Hnwevfi'  this  nmy  tie,  this  exptrirnent  dm's  not  deal 
with  sensitization  by  specific  serum  and  therefore  does  not  affect 
our  thesis  that  the  same  alexin  can  destroy  various  sensitized  cells 
energetically* 

Neisser,t  a  partisan  of  the  plurality  of  alexins  in  a  given  serum, 
emphasizes  experiments  both  by  BailJ  and  by  himself,  the  prin- 
ciple of  which  is  as  follows:  if  a  normal  serum  is  mixed  with  cell  A 
{"baclerium  or  blood  cell),  and,  after  a  sufficient  contact,  centrifu- 
gaiized ,  it  is  found  that  the  supernatant  serum  has  lost  its  property 
of  destroying  cell  A,  but  will  still  destroy  cells  B  or  C.  Neiaser 
concludes  from  this  that  the  alexin  affecting  A  is  not  identical  with 
the  one  attacking  B  or  C. 

The  experiment  contains  a  scrioufi  experimental  error  and  con- 
sequently any  conclusion  from  it  ie  erronoous.  In  the  majority 
of  instances,  when  even  large  amounts  of  non-ficnei Lined  ccll^  arc 
mixed  with  Ttormai  5erum»  they  absorb  only  a  small  amount  of  alexin. 
Our  experiments  just  related  s&  well  as  those  with  Gengou  prove 
this  fact  conclusively.  Under  the^e  conditions  the  fluid  still  retains 
its  property  of  destroying  subsequently  added  sensitized  colls.  It 
is  rca^nable  to  expect,  therefore,  that  if  an  un-icnsitizcd  or  feebly 
eenaitiaal  cell  Ls  added  to  nonnal  serum,  for  example  corpuaclcs 
of  species  A,  there  Vill  soon  be  a  state  of  equilibrium  established 
and  a  division  of  the  alexin  between  the  cell  and  the  fluid;  the 
fluid,  however,  will  retain  the  greater  part.  Hemolysis,  moreover, 
never  goes  beyond  a  certain  point.  It  is  quite  possible  that  de- 
stroyed ccrpusclea  liberate  a  substance  that  prevents  the  fluid  from 
acting  further  on  corpusclea  of  the  same  variety,  without  inhibiting 
its  effect  on  ntlier  varieties  of  corpuscles.  In  other  words,  a  state 
of  equilihriuin  for  corpascle  A  may  he  far  from  being  so  for  another 
cell,  which,  when  suljsequeutly  addeil,  is  destroyed  by  the  fluid. 

In  view  of  these  facts  we  should  not  feci  justificil  in  >saying  that 

*  The  cxpcrimco*,  indeed,  doca  not  inform  us  aa  to  whether  the  fillprcd  3prum 
would  liave  a  viuying  tienmlytic  puwpr  for  two  dificredt  apecira  uf  corpuscles, 
each  B*nfiiiiw<l  with  irpwifip  healed  wnim. 

t  Ucber  di«  \'idhcib  di>r  in  aormuJcn  Serum  vorkommcitdeti  d^tikdrpcr. 
Deutsche  mpJ.  Wuchi-Q.,  1900.  So.  49. 

JAwhw.  lur  Hygiene,  1809,  Bd.  XXV. 
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even  after  a  prolonged  contact  [IG  hours)  nonnal  guinea-pig 
eenim  {3  ex.)  mixed  with  defibrinated,  cari?fuUy  washed  raijbit 
blocMl  (6  c.cO  has  lost  all  of  its  alexin  for  rabl)it  eorpusclti*.  The 
eupomatant  fluid  from  such  a  mixture  after  ccntrifugaijzation  is 
very  red*  and  has  no  cfTcct  oo  freshly  added  rabbit  corpuscles;  in 
other  words,  it  has  become  inactive  for  these  corpuscles :  but  it  will 
still  produce  a  distinct  hemolysis  of  hen  corpuscles. 

Wc  may  }k  sure  that  th}&  ^uk\  still  contains  a  definite  amount 
of  alexin,  to  the  preaencc  of  which  is  due  the  destruction  of  hen 
corpuscles.  As  for  as  rabbit  corpuscles  are  concemedj  a  state  oE 
equilibrium  in  the  division  of  the  alexin  has  been  established  (and 
in  producing  thia  state  the  products  from  tlestroycd  rabbit  cor- 
puscles have  perhaps  contributed),  and  further  attack  oo  the  same 
corpuscles  thereby  prevented. 

This  state  of  equdibrium  is  easOy  broken:  it  suffices  to  increase 
by  means  of  a  sensitizer  the  avidity  of  the  rabbit  corpuscles  for 
alexin.  The  rcddbh  fluid  imder  consideration  will  still  destroy 
fresh  rabbit  corpuscles  energetically  if  they  are  sensitize*.!.  In  a 
nuxture  of  0.2  of  a  cubic  centimeter  of  red  fluid,  the  same  anuyunl 
of  washeil  rabbit  bloixlj  and  O.G  of  a  cubic  centimeter  of  liealeil 
specific  guinea-pig  serunij  hemolysis  occurs  rapidly  anti  coraplKtely. 
To  render  the  experiment  more  complete  anothiT  mixture  h  pre- 
pared, containing^  in  the  place  of  thesEnsitiKingserum,  O.ti  of  a  cubic 
centimeter  of  heale<l  normal  guinea-pig  ^erum  (50  degrees).  In 
this  mixture  there  is,  of  [iOur>e,  no  destruction  of  the  rabbit  corpus- 
cles. A  few  hours  later  0.3  of  a  cubic  centimeter  of  specific  anti- 
hen  senim  (ij6  degrees)  plus  O.I  of  a  cubic  centimeter  of  defibri- 
nateil  waj^hei.1  hen  blood  is  itrlde(l  to  each  tube.  The  hen  corpuscles 
are  rapidly  destroyed  in  the  second  tube,  but  remain  quite  Intact  in 
the  first. 

It  is  evident,  then,  tliat  tfie  normal  alesic  sermn  has  by  no  means 
been  exhausted  by  the  loitg  contact  with  an  e.xtjcss  of  rabbit  cor- 
puscles, but  has  retained  a  considerable  amount  of  the  alexin  fitted 
to  dtetroy  these  same  corpuscles.  If  the  rabbit  corpuscles  are 
sensiti3edj  the  absorption  of  alexin  takes  place  much  more  energeti- 
cally, and  new  corpuscles  of  another  species  subsequently  intro- 
duced remain  unchangeti. 

*  There  bru  miuiy  Inlact  rabbit  corpiutclea  prafieitt  in  the  sediment. 
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This  criticieni  of  Neisser's  experiments  is  significant:  it  imlieates 
that  much  prudence  should  be  exercised  in  drawing  concluslona 
from  similar  experiments  dealing  with  normal  sera;  the  muliipUcity 
of  active  substances  in  such  sera  have  been  too  hastily  prosum&l. 
We  feeJ  that  it  is  the  more  permissible  for  us  !o  venture  this  asser- 
tion, Q&  it  id  perhaps  applicable  also  to  a  certain  experiment  of  our 
own  on  tlie  multiplicity  of  agglutinins  in  normal  lioree  serum.  At 
any  rate  the  subject  ia  still  far  too  obscure  to  allow  of  any  exact 
opinion  on  Bubstancea  other  than  the  alexins. 

In  this  chapter  we  have  considered  only  the  question  of  the  unity 
or  plurality  of  the  alcj^in  {EhrhcL  and  Morgenroth's  complement) 
in  a  given  serum.  We  have  not  sought  to  invalidate  the  idea, 
drawn  from  certain  experiments  of  Ehriich  and  Morgenroth*  in 
particular,  that  normal  sera  may  contain  in  addition  to  the  alexin 
(complement)  one  or  several  normal  scnaitizcrs  which,  although 
weaker  than  those  in  specific  sera,  facilitate  the  activity  of  the 
alexin, 

■  These  ttxperirnE^ntB  indoed  ognw  with  our  ov^a  (p^  ^7),  that  indicate  tbe 
oxiatenec  of  a  substance  in  normal  hor?e  serum  that  s^iailUea  the  cholera  vibrio 
to  a  cortaiu  i^xU^L  lo  the  aLii:Liu  uf  aaoLUur  nurimil  serum. 


Xn.   ON  THE  SENSITIZERS  OF  SERA   ACTIVE  AGAINST 
ALBUMINOUS  SUBSTANCES  * 


Br  DR.   OCTAVE  GETfGOD. 

The  experimental  study  of  anticliolGni  immunity  in  vivo  led 
Pfeiffer+  to  discover  tlie  phenomenon  thnt  now  bears  his  name, 
which  congijjtrt  in  m\  extraceUular  gninular  tninsfonnation  of 
Koch'3  vibrios  m  the  pmtoneal  cavity  of  guinea-pigs  vaccinated 
against  cholera-  The  same  phenomenon  also  occure  in  the 
peritoneum  of  normal  guinea-pigs,  as  Pfeiffor  himself  showed,  on 
injecting  cholera  vibrios  mixeil  with  serum  from  well-immunized 
animals. 

This  destructive  traa'^formation  of  vibrioe  indicates  an  energetic 
bactericidal  action.  Pfeiiler  attributed  to  the  fixe^l  endothelial 
c^  of  ihe  peritoneum  the  property  cf  rapidly  secreting  substances 
harmful  to  the  vibrios  whenever  these  organisms  were  injected  into 
the  peritoneal  cavity-  Metchnikoff  }  soon  showed  that  this  inter- 
pretation is  incorrect.  He  was  able  to  produce  the  granular  change 
of  vibrios  in  vitro  by  mixing  them  with  preventive  serum  plus  the 
peritoneal  exudate  of  a  normal  guinea-pig;  this  exudate  conttdns 
leucocytes,  but  no  endothehal  cells. 

Pfeiffor  in  his  cxpcrimcnl^  failed  to  obtain  a  transformation  on 
ing  the  vibrios  in  vitro  with  the  ecrum  of  vaccinatcii  animals. 
>m  our  prcaent  knowlc<lgc  it  is  evident  that  the  senim  he 
used  must  have  been  too  old  to  have  retaiced  its  bacteriolytic 
properties. 

BordelS  inileed  producoi.!  PfeiiTer'a  phenomenon  in  \-itro  by 
simply  mixing  the  vibrios  with  fre^h  preventive  serum.    He  further 

'  Sur  Ira  seoaibilisiilfieea  rfe*  fl^rum  actife  Mtitre  lEflHubauncea  HlbuminoidHa. 
Anniilca  dc  Mnstitut  Pu^teur,  XVI,  1002,  734, 
t  PfcifTer,  Zeii.  fur  Ilyg.  XVIII,  1394- 
l  MclohrukoR,  Annnles  do  I'lnftitut  Poslcur,  June,  1S95. 
§  BordeCj  sec  p-  itti. 
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showed  that  the  bacteriolytic  property  of  anticholera  scrum  nece^ 
eitatfis  the  collaboration  of  two  eubstancea:  on&,  the  specific  pre- 
ventive substance,  or  sensitizer  as  he  callef!  it,  formed  during 
imrauniKfllion  in  the  animal,  and  able  to  resist  rather  high  temper- 
atures (65-70  de^ees);  the  second,  Buchner's  alexin,  oceurring  in  the 
serum  of  normal  aa  well  as  of  immunized  animals,  disappearing 
rapidly  on  standing,  and  easily  destroyed  by  heat  (5.5  degrees).  The 
alexin  alone  haalitlleuffect  on  normal  vibrios,  but  becomes  infinitely 
more  active  when  the  vibrios  have  been  acted  on  by  a  specific 
sensitizer 

This  idea  of  the  duality  of  the  bacteriolytic  substances  \Vb£i 
established  by  Bordet  in  1895  by  means  of  a  aeries  of  experiments, 
of  which  the  following  is  the  most  important:  Heating  cholera 
serum  to  55  degrees  deprives  it  of  its  bacteriolytic  properties, 
but,  on  adding  fresh  scrum  from  a  nornial  aninml  to  tins  heated 
serum,  the  latter  entirely  recovers  the  energetic  propertj'  it 
posBCBScd  before  being  heated.  In  other  words,  fresh  normal 
serum  "reactivates"  heated  cholera  scrum.  Indeed,  the  two 
substances,  the  collaboration  of  which  is  necessary,  are  present 
in  such  a  mixture. 

The  alexin,  as  Metchnikoff  and  Ms  school  have  &hnwn,  is  Icuco- 
cytic  in  origin;  even  the  destruction  of  \ibrios  within  the  leucocytea 
of  normal  animals  is  due  to  this  alexin,  as  is  evident  from  Metch- 
nikoff's  stuilies  on  phagocytosisH 

Bordet*  later  injected  animals  with  red  blood  cells  of  other 
species  in  the  place  of  vibrios.  The  serum  of  Huch  animals  ac- 
quires the  property  of  hemolyzing  in  vitro  the  corpuscles  used  for 
injection,  and  this  hemolysis  is  also  due  to  the  coll  a  bcj  ration  of 
two  substances :  the  normal  alexin,  destroyed  by  heating  tn  55  de- 
grees, and  an  acqoirefl  sensiliKor.  ^Vhat,  then^  are  ih*'  intimate 
reaction's  between  the  aiUive  substances  of  the  serum  and  the 
spasitive  cells? 

We  know  that  if  a  suitable  immune  scrum,  previously  heated  to 
55  degrees,  is  addeii  to  its  speeifie  ral  Uood  corpuscle^,  there 
is  u(j  hemolyfiia  because  the  alexin  has  been  destroyed.  Ehrlich  and 
Morgenrothf  showed  that  under  such  conditions  the  corpuscles 

"  See  p.  134. 

t  See  Collected  Studies  on  Immunj^,  Ehziich-BcldiiaD.  John  Wil^  A 
Soiu,  p.  1. 
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rx  the  aensiti^er  of  the  immune  senim^  and  the  deCEtnted  senirn  is 
depriveil  of  \\s  a|)ecific  properties.  But  bloixl  cells  fix  aubstances 
other  than  soDsitiaera-  If  we  add  coq^uscles  to  fresb  Immune  aerum 
instead  of  to  heated  serum,  they  deprive  the  fluid,  oa  Bordet*  proved, 
of  both  sensitizer  and  alexin.  This  sarue  plienornenon  of  alexin 
absorption  also  occurs  if  a  mixture  of  heated  hemolytic  Henjui  anil 
freah  nonnai  serum  is  employetl  instead  of  fr^  hemolytic  serum; 
we  know  from  the  eiqjeriment  of  Bordet,  to  which  reference  has 
been  made,  that  an  immune  serum  is  completely  regenerate!  on  the 
addition  of  fresh  nornia]  serum  and  becomes  quite  as  active  as  it 
waa  before  being  heateii.  But  how  may  the  absorption  of  alexin 
in  thie  mixture  of  corpa*5doSf  alexin  and  suitable  eensitizer  be  de- 
tected? The  matter  is  quite  simple:  fresh  sensitized  cells,  say 
cholera  vibrios,  treated  with  heated  cholera  flenim,  are  abided  to 
the  mixture.  If  there  is  still  alexin  pre^^ent,  the  sensitized  vibrios 
sut>8cquentiy  inlrodiiccii  will  tertdJnly  un<lei^  granular  tranaforma- 
lion,  but  if  they  remain  intact  it  shoe's  that  the  alexin  has  disap- 
peanxi  from  the  flui<l.  Thin  experiment  may  be  reversed  by  mixing 
the  alexin  with  the  vibrios  plus  heated  cholera  KTum  and  then 
adding  pensitiaed  corpuscles;  in  this  instance  it  is  the  xibrioe  that 
absorb  the  alexin  and  are  desttoyodi  and  the  aubeequently  added 
corpuscles  remain  intact> 

From  these  cxperimcnta  Bordct  drew  the  conclusion  that  the 
alexin  that  ia  fixed  by  and  that  destroys  sensitized  blood  cells  is 
identical  with  the  alexin  that  acts  on  sensitized  bacteria.  In  a  given 
aerum,  then,  (here  would  be  only  one  alexin  attacking  bacteria  and 
corpuscles  indiflerently-  Whether  we  agree  vrith  this  oheerv^er  as 
to  the  imity,  or  at  least  the  functional  unity^  of  this  substance, 
or  with  Ehrlich  and  Morgenroth  in  believing  that  a  normal 
serum  contains  a  large  number  of  difTerent  alexins,  each  parlicidarly 
adapted  for  a  given  cell  or  bacterium,  the  fact  remains  that,  in 
presence  nf  a  .-suitable  senMtiBefj  a  bacterium  or  a  cell  deprives  fresh 
serum  of  ils  alexin  and  renders  \i  inactive  either  for  the  same  cell 
or  for  other  sensiiiBed  cells. 

It  is  hardly  nece?ssary  l-o  state  that  in  these  experiments  the 
alexin,  obtaineil  as  a  rule  hom  freah  serurn  of  the  rabbit  or  guinea- 
pig,  ia  not  absorbed  by  the  cells  unless  a  sensitizer  is  present.     In 

*  Soap,  IQlp 
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otht^r  words,  if,  instpa^l  of  thf^  mixturp  of  ftlexinn  corpuscles  and 
hemolytic  serum  (55  degrees),  a  mixture  is  prepared  in  which  the 
speciGc  herni>lyti(;  spruro  ia  n'pUic©!  by  normal  fierum  from  t.hc 
same  spe«i(^,  Lhe  fluiil  rrmaiiw  full  of  alexin  and  retains  its  de- 
structive power  Tor  seasitized  celL^.  Normal  i^era,  then,  as  a  rule 
are  unable  to  produce  alexin  absorption.  If  normal  serum  con- 
tains seiisitizers,  they  are  either  too  little  in  amount  or  too 
inaetive  to  cause  a  fixation  of  alexin  as  detentiined  by  the  method 
described. 

There  are,  however,  certain  exceptions  to  this  general  rule. 
Thpre  are  nonnal  sera  the  ak^xin  of  which  may  be  fixetl  by  cer- 
tain  cells  without  the  [presence  iif  an  ifiiiuune  scmm,  Malvoz** 
has  recently  shown  that  this  is  the  case  with  dog  j^erum  mixed 
with  B,  anthracia;  this  eerum,  moreover,  in  presence  of  this  organ- 
ism will  cause  the  fixation  of  the  alexins  of  other  sera  (rabbit, 
guinea-pig,  rat);  in  other  words,  it  acts  as  if  it  contained  a  true 
send  User, 

In  a  amilar  way  Bordet  and  I  have  recently  found  that,  in  a 
mixture  of  fresh  nonnal  dog  serum  and  wajshed  rabbit  corpuscles, 
hemolj^ia  occurs  rapidly,  and  a  fixation  of  alexin  takes  place  to 
such  an  extent  that  subsequently  added  sensitized  vibrios  undergo 
no  transformation. 

Such  cases,  however,  are  the  exception.  Thenormalserumof  the 
majority  of  laboratory  animals  does  not  affect  cells  enough  to 
cause  them  to  fix  alexin  to  an  appreciable  extent:  immune  sera,  on 
the  contrary,  render  cells  very  avid  of  Ihia  substance.  The  reaction 
of  alexin  fixation  in  general  shows  a  distinction  between  an  immu- 
nizetl  and  a  normal  animal  of  the  same  spoeics.  In  other  words,  it 
demonstrates  the  presence  of  the  specific  scnsitiaera  produced  by 
vaccination, 

Previous  to  Bordet 's  experiments  on  alexin  absorption  a  sensi- 
tizer could  be  defined  simply  aa  a  substance  that  renders  a  given 
cell  destructible,  or  at  least  morphologically  alterable,  by  a  dose 
of  alexin  that  normally  has  no  effect  on  it.  But  since  the  sensitizer 
has  not  only  the  property  of  iucreaaiuf^  the  iiarmful  effect  of  the 
^exin,  but  also  the  property  of  causing  the  cell  it  affects  to  absorb 

*  AnnaicH  da  TJnstitut  Paateur,  AUfiUat,  1902, 
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[exin,  no  morphological  change  in  the  specific  cell  is  necessary  to 
prove  the  existence  of  a  tien.siliKer  io  a.  given  serum.  A  disa|j|ieai^ 
ance  of  the  alexin  from  the  fliiiil  is  the  only  esseotial  criletion.  By 
this  means  Eordet  and  Gengou*  wen?  able  to  find  sensitizers  In 
the  majority  of  ajiti microbial  sera,  as^  for  example,  in  the  sera  of 
animals  injected  with  B,  pestis,  the  bacillus  of  swine  plague,  the 
first  anthrax  vaccine,  B.  typhosus,  B.  proteus  vulgaris,  and  in  tlie 
serum  of  convalescents  from  typhoid  fever.  If,  for  example,  we  put 
the  same  amounts  of  plague  bacilli  sLispended  in  salt  solution,  and 
of  alexin,  in  two  tubes,  and  then  atld  to  the  first  a  given  dose  of 
normal  horse  serum  heated  to  55  degrees,  and  to  the  second  the 
same  amount  of  heatod  sorum  from  a  horse  vaccinated  against  B. 
peetie,  it  will  be  found  that  sensitised  rabbit  corpuscles,  subsequently 
flddedi  undergo  complete  hemolysis  in  the  first  lube,  but  remain 
intact  in  tho  second.  In  other  words,  the  alexin  has  remained  free 
in  the  first  and  disappearoi  in  the  second.  Suitable  coatrole  show 
that  it  is  indeed  the  plague  bacilli  inEluenced  by  the  preventive 
serum  that  fix  the  alexin. 

The  facts  have  not  been  questioned  so  far  as  we  are  aware; 
Aschotf  .t  however,  has  recently  criticised  the  method  croployctl  by 
Bordet  and  Gengou  on  the  ground  that  the  production  of  hemolysis 
docs  not  necessarily  indicate  the  absence  of  a  sensitizer  (probably 
in  a  normal  scrum) ;  for,  as  he  says,  "besides  the  alexins  suitable 
for  bacteriolytic  amboceptors  there  may  be  alexins  fittcti  for  hemo- 
lytic amboceptors/'  This  is  not  the  point  at  i^ue,  for  B,  itG,  have 
not  sought  to  establish  that  there  b  no  sensitizer  in  normal  senmi» 
but  that  there  is  one  m  immune  serum.  And,  what  is  more,  if 
Aschoff  bcHcves  in  the  existence  of  an  antiplague  sensitizer  in 
normal  horse  serum  aa  well  aa  in  antiplague  serum,  how  dues  he 
expimn  that  the  latter  Sxes  these  "hemolytic  alexins."  whereas 
the  former  does  not? 

From  this  summary  it  is  evident  that  hitherto  sensitizers  hav^ 
been  demorudraled  and  utiiiliRd  oidy  m  auch  f^era  a^  act  on  definite 
ceRs.    We  nmy  go  further  and  consider  whether  the  substance 

♦  Seep.  2tr, 

t  AschoS:  IClirEicli^B  S&itkettentheorie  ucd  ihreAjiweadmigauf  die  kiimtLichea 
Immimitat^proierae.     Zeitdcb.  f.  ctLgem.  PbyBLo].,  1S02,  3  Eft  1  ter  iiil.  p.  159, 
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injected  must  be  of  definite  morphology  to  give  rise  to  distinct 
sensitizers.  Substances  without  any  cellular  structure  have  already 
been  used  forifijerUmi.  Rordet,*  for  example, obtainetl  arseruTn  that 
precipitatrs  et]w\s  millc  by  iujectitig  this  milk  into  rabbits.  Wa.s- 
serraannf  obtainwl  similar  resnlus  wiLh  several  varieties  t»f  milk. 
TchisLovitchJ  and  Bt/nleLS  iujeiitetl  various  foreign  j^era  into  rabbits 
And  obtainetl  correspoDtiing  precipitating  sera.  Mijere[|  produced 
sera  that  precipitate  egg  albumin,  sheep-serum  globulin^  ox-serum 
globulin,  and  pepton,  Tlitse  experiments  have  beea  repealed  and 
extended  by  other  authora  whose  work  need  not  be  luention&l. 

But  hitherto  only  a  precipitating  pniperty  has  been  deseriljed 
in  the  serum  of  animals  injected  with  fori^ign  non-cellular  organic 
Bubatances.  It  seemed  to  us  desirable  to  aae.ertain  whether  an 
animal  immunized  in  Ibis  way  does  not  produce  substances  similar 
tij  antimicrobial  and  hemolytic  sensitizers  as  well.  For  the  denion- 
stration  of  these  sensitizer  we  have  used  the  method  of  Bordet 
and  Gengou,  which,  as  already  stated,  is  based  on  the  fixation  of 
the  alexin  by  s.  scnsitizotl  cell.  We  have  endeavored  to  determine 
whether  this  fi3caiion  may  be  pixxluced  by  the  serum  of  rabbits  in- 
jected witli  fiueh  fluids  as  cow  milk^  hea-ogg  albumin,  pure  horse 
fibrinogen,  and  dog  serum  heated  to  55  degrees,  and,  finally^  with 
the  serum  of  guinea-pi^  immunized  against  rabbit  serum  (55  de- 
grees); in  other  words,  we  have  endeavored  to  determine  whether 
the  sera  of  these  treated  animals  contain  a  sensitizer  as  well  as  a 
prei^ipitin  for  the  substances  injected. 

The  serum  of  rabbits  vQccinaled  against  cow  milk. — We  injected 
rabbits  with  relatively  large  amounts  of  cow  milk  previously  heated 
to  70  degrees  for  one-half  hour.  They  were  given,  in  smscessive 
doses,  10,  10,  12  and  12  c.c.  at  intcr\'als  of  7  ilays.  They  were  bled 
14  days  after  the  last  injection  and  the  separated  serum  heated 
for  a  half  hour  to  5C  decrees;  this  serum  we  refer  to  as  Serum 
rabbit  >milli  5(i  degrees-  Fresh  normal  rabbit  serum  freed  from 
corpuscles,  after  standing  overnight  at  room  temperature  (16**  C) 
was  unifonnly  employed  as  alexin. 

*  Mcc^hatiism  uf  aggluLiiUiLJoa.  p.  1^2. 

t  Ueulseht  Died.  Wcx-henecKr,  \SV\i.  No.  SO, 

;  Tchbtovilch.  ,\xiiiaLea  de  rirxstitul  Puteur,  Mu^h,  1399. 

5  Burdcl.  sfflf  pp.  1-12.  175. 
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With  those  materials  the  fnllowtng  tube^  were  prepared: 


TuUl 


Tub«2 


Tube  a 


Tube  4 


Tube  5 


Tube  6 


0.2  cc. 
G.fi  C.C. 
0.1  C.O. 
0.3  ce. 
O.G  CO. 
0.1  CO. 
Q.2  c.c, 
0,ti  c.c, 
0.1  ex, 
0.2  c-c. 
O.ft  c-c. 
0.1  ce- 
0,2  c-C. 
0,6  C.C. 
O.l  c.c. 

<]-2  C.C. 

O.e  e.o. 
0-1  o,c. 


Cow  milk 

S.  rabhil  >  miLk,  59  i\^gr^fa 

Rabbit  alexin 

Cow  milk 

S-  tiomuiL  rabbiti  50  dct>rt!«a 

Rabbit  alalia 

Salt  snlution  of  075  per  ceot 

S-  nibhjt  >  milk.  56  degrees 

Rabbit  atcTlia 

Sail  sdulion 

S,  normjil  rabbit,  Sfl  degre*a 

Rabbit  akxin 

Cow  milk 

S,  rabbit  >  milkn  5G  degrcea 

Sale  Holiitifm 

Cow  milk 

S.  normal  rabbit,  53  degrecB 

Bait  aolutkon 

Tubes  ]  &ad  3.  In  throe  Eu1>f3  the  action  of  the  rabbit  >  milk  serum  on  cov 
mjlk  U  compared  with  tliai  cjf  aormul  rabbit  serum- 

TuEiKi-SitiiJ  4.     SEiQw  the  (^ffpcL  oT  th&  »cm  alone  on  th«aLcTin. 

TulieB  S  and  6.  Contam  co  alexia  aaJ  show  that  healed  acrum  will  not  pro- 
duce  ^jem(j1yi^4  wiiliout  alexin,  &ad  act  aa  coatrob  to  thooe  tubes  in  which  the 
alexin  iH  ritit  nfTect^l. 

These  tubes  are  left  5  hours  at  room  temperature,  with  ablation 
from  time  to  time.  To  each  tube  is  theo  abided  one-thirtieth  of  a 
cubic  centimeter  of  sensitized  hen  corpuscles.*  Following  is  the 
resultant  hemolysis  after  2  hours  at  room  temperature,  which  result 
is  foii™.!  to  remain  constant  the  next  day: 

lu  tubes  2,  3  and  4  hemolysis  is  complete  and  uniformly  rapid; 
it  is  evident  in  30  minutes  and  has  become  complete  in  1  hour  and 
30  minute.'^.  Tubes  1^  5  and  C  show  no  hemolyas  even  on  the  fol- 
lowing flay.  What  conclusion  is  to  be  drawn?  In  tubes  5  and  Q 
there  ifi  ntj  hemolysis  bccau^^c  no  alexin  k  present;  in  tulx*  3  and  4 
the  alexin  has  remaine'l  free  wbcn  mixol  with  the  hf^ateiJ  rabbit 
>  milk  eerum  or  with  heatcil  normal  rabbit  serum ;  and  in  tube  2  the 
milk  plus  normal  stcniru  hat  cauji»l  no  fixation.  Tube  1  has  aoted 
as  tubes  5  and  G  that  had  no  alexin.  The  alexin  added  could  nut 
have  been  fixed  by  the  heated  rabbit  >  milk  serum  (tube  3)  nor  by 

•  Defihriaated  her  bXooil  \&  wjisIkhI  in  An  exrcss  of  normal  paline,  cpntrifugat- 
ued,  the  supernatant  fluid  pipcttrMl  off.  and  the  oriiriaal  ]t*vQ\  oF  the  htood  rc- 
raiablishHl.  This  washed  Llowl  is  miAcd  wJth  two  volumea  of  healed  [oO  def^eea) 
Berum  from  a  ra.bbit  that  has  received  eever&t  injectiniu  al  hcc  blood. 
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thp  milk  {tube  2),  unless  the  latter  ha<l  underfrone  some  combina- 
tion with  the  specific  &enim  similar  to  that  descritol  by  Boniet  and 
by  Bordet  and  Gengou  for  bacteria  and  corpusclea  trcatcfl  u-ith  thcJr 
appropriate  immune  sera.  Wc  may  atimit,  then,  that  the  serum  of 
rabbita  that  have  been  ffven  injections  of  cow  milk  contains^  in 
aiklition  to  the  precipitin,  a  sensitizer  similar  to  those  of  antimi- 
crobial and  hemolytic  sera^  which  gives  cow  milk  the  power  to  fix 
the  ;ilexin  of  normal  aeruni. 

The  jicrum  of  rahbitfi  xnjeckd  tciih  egg  while. — These  animal?  were 
^ven  large  doses  of  egg  white;  at  intervals  of  7  days  they  received 
10,  lOf  12  and  10  c.c,  of  egg  white  and  14  days  after  the  la^t  injec- 
tion they  were  bled.  The  nserjra  — designated  serum  rabbit  >egg — 
was  heated  to  56°  C.  for  30  minutes ;  clear  normal  rabbit  serum  waa 
U&&]  &^  alexin. 

An  experiment  wholly  anaing^ius  Lo  the  one  with  rabbit  >  milk 
serum,  ST)  degrees,  was  mwle  with  tlm  rabbit  >egg  serum.  In  place 
of  milk,  egg  white  was  userl- 

The  results  of  fiueh  an  experiment  are  identical  with  those 
described  for  heated  rabbit  >milk  scrum.  It  is  found  that  alexin 
is  fixed  by  hen^egg  white  in  the  presence  of  rabbit  >egg  serum 
(5fi  degrees)^  whereas  nn  siich  fixation  occ^urs  with  heatcii  normal 
rabbit  serum  (tube  2)  or  with  egg  while  alone  (Uibes  3  ami  4), 

The  rabbit  >e^  serum  also  gives  a  prei^ipitate  with  egg  white 
which  normal  rabbit  serurn  fails  lo  do. 

The  sera  of  rahbitfi  injecttd  u^ith  heated  dog  aerum  (5G  degreefi).  — 
This  serum,  rabbit  >  dog  serum,  5G  degrees,  was  obtained  in  a 
manner  similar  to  the  other  sera  described.  The  rabbits  were 
given  at  week  intervals  S,  10  and  12  c.c,  of  dog  serum  that  ha^l  been 
healed  to  5ti  degrees.  The  treated  rabbits  were  ble«l  2  weeks  after 
the  last  injection  and  the  separated  serum  was  heated  to  5C  degrees 
for  one-half  hour. 

Experiments  similar  to  those  described  for  the  other  active  sera 
were  performeil  with  this  serum  active  against  dog  serum:  similar 
controls  were  also  mode  and  need  not  again  be  specified.  The 
important  tubes  are  a^  follows: 

{0)  Rabbit  alexin,  0.1  of  a  cubic  centimeter,  serum  rabbit  >  dog 
scrum,  56  degrees,  0.6  of  a  cubic  centimeter,  dog  serum,  5»i  degrees, 
0.2  of  a  cubic  centimeter. 
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(h)  Same  as  last  tube,  with  heatetl  tiumial  rabbit  serum  replacing 
the  specific  st^rora, 

Tlicse  roixturcR  are  left,  as  usual,  for  5  hours  at  room  tempera- 
ture ami  thru  ont^-thirtipth  of  a  cubic  centimeter  of  sensitized  hen 
eorpLiscles  is  addetl  to  eacli  tulie. 

The  results  are  wholly  iu  hamiony  with  those  akeady  Je- 
tailwl.  Tlie  eorpiisdea  are  tlestroyeil  by  the  aleixin  In  "b*';  in 
*'a'\  on  the  contrary,  there  is  no  hemolyais.  The  rabbit  serum 
specific  fur  dog  blu<Hl  has  fixeil  [.he  alexin  when  dog  rierum  is 
present;  in  addition  to  Tchistovitch's  precipitin  there  is  also  a 
seasLtizer,  a^  in  the  case  of  rabbit  >  milk  serum  an<l  rabbit  > 
egg  serum. 

The  serum  of  t/^ntwa-pir/.'i  treated  with  heated  rahhit  serum.  —  We 
deeiiied  to  stuJy  this  combination  on  account  of  certain  peculi- 
arities that  it  was  knowu  to  present.  Wo  know  from  Bordet's 
researches  that,  contrary  to  the  general  rule,  guinea-pig^  injected 
with  rabbit  serum  form  no  precipitin  for  this  serum.  On  account  of 
this  unusual  occurrence  the  question  might  well  arise  as  to  whether 
multiple  injectiooa  instead  of  the  usual  two  injections  might  not 
give  a  different  result.  We  therefore  gave  our  guinea-pigs  six 
successive  injections  of  from  4  to  5  c.c,  of  rabbit  serum.  By  this 
means  we  obtained  a  ecrum  which,  although  it  proiluced  no  real 
precipitate,  did  give  rise  to  &  distinct  opalescence  when  rabbit 
serum  was  added. 

As  we  presupposed  from  the  work  of  others,  the  puines-pig  pro- 
duces only  very  weak  precipitins  to  rabbit  yerum.  Wc  have  al^o 
tested  for  the  presence  of  a  sensitizer  in  this  "guinea-pig  >  rab- 
bit" &erum.  We  found  that  guinoa-pig  alexin  ia  indetnl  fixc*l  by  a 
mixture  of  rabbit  scrum  and  hcatoci  guinea-pig  >  rabbit  serum; 
this  fixation,  however,  is  distinctly  loss  than  in  the  other  ingtctnccs 
conaitlercd  and  is  indeed  a  mere  delay  i[]  hemolyj^is  rather  than  a 
total  inhibition.  We  consider,  however,  that  a  dcnsitiaing  property 
may  be  claimed  for  this  scrum,  although  it  is  as  alight  as  ia  the 
precipitating  property. 

The  fifTum  of  rab^it^  trmted  \mlh  pure  hirrsc  fibrinogen.  —  Wc 
wished  to  determine  whether  injecting  pm-c  fibrinogen  into  rabbits 
would  lead  to  the  formation  of  aensitizera  for  this  ch'^.inically  pure 
substance,  as  we  already  know  that  coaguhna  for  the  globulins, 
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casein,  etc,  may  be  pr;oiuce<l  in  such  a  way.  We  have  used 
Hainmarsten'fi  mcthcxi  t>f  obtaining  bciyo  tibrinogcn  * 

The  rabbits  were  given  at  intervals  of  7  days  10,  12,  12  and 
15  c.c.  of  this  solution  of  fibrinogen  and  were  bleti  2  weeks  after 
the  last  injection.  The  scrum,  designated  rabbit  >  fibrinogen 
serum,  56  degrees,  was  tested  with  the  pure  fibrinogen.  An  abun- 
dant precipituiu  is  formed  at  once  on  mixing;  no  such  precipitate 
is  formeii  with  normal  rabbit  serum.  We  were  furtlier  able  U) 
deteniiine  by  the  method  dc3cribc<l  tiiat  the  rabbit  >  fibrinogen 
fierum  fixi^  rabbit  alexin  in  th^  presence  of  fibrinogen-  In  other 
wonlf^,  this  imiimiw  sertirii  contains  a  fmrtsiiizer /or  fibrinogen. 

From  these  facts  we  may  concluile  that-  raljbit,s  injected  with  fiuch 
substanret^  as  milk,  egg  while,  fibrinogen,  and  tserum,  f(»nn  both 
precipitins  aiui  xenxilUirrs  for  the  resfieciii^e  ,sub!iftatices.  Tim  /wo- 
diictimi  tif  settiiitUfrn.  then^  Is  rutt  depmilent  on  tiie  nuyrpholcgy  of  the 
subatojice  injectrd  and  the.  uniiniU  body  mil  react  fl-s  n-eil  ntfarnsl  arnar- 
pliDtin  rnatrrial  tw  against  :mh:fta7tcfji  oftlejmitf.  hidoloijicai  sinu'ture. 

JiLst  ss  the  si?ritiit.i:^ers  nf  antnnienjiiiHl  rind  hemolylit;  tJc-ra  fix 
the  alexin  of  numml  Herum  in  prtvtnre  i)f  ifie  eorrespondlrig  unligen, 
so  do  tiie  nennii^ers  of  sera  aclite  against  armjrphoTut  onjanic  pro- 
ducts fix  the  aUxin  in  presence  of  tiie  subatarwe  in  questum. 

The  majority  of  the  immune  sera  we  have  worked  with  act  on 
complex  niixturea  like  ecnim,  milk  and  egg  albumin.  It  would  be 
of  interest  to  <letennine  whether  the  sensitizer  acts  on  the  complex 
ati  a  whole  or  more  particularly  on  one  or  .si.'veral  componpati?  of  it. 

Se\-eral  writei^  have  considere^l  tliis  question  in  respeet  in  eoagu- 
lins  and  with  somewhat  di%'fi^eul  rt^ults.  It  may  be  couf^idered 
proved,  it  iieemr3  to   uii,  that   the  coagulin   affects   the   globulins 

r  OxHiaied  hon^  pl&sma  |l  t.i  lOOOi  hceatrifi]g:3lixHl  Anii  miTtd  withnneqiiAl 
volume  of  30  pL^rccnt  saluTion  of  sodium  chloridi*.  The  precJpiCiLl«  i^  rcdisaolved 
ia  S  ptr  cent  salt  auLutioa  anil  a;;a!ii  prccip!tale<i  nJth  iht  30  per  cent  solution; 
n(U!r  three  ar  fuitr  succeasivc?  priKiipilaliond  the  fthrini)f|i?ii  is  r^i^olvel  in  sterile 
difllilled  ffctpr,  aa  Ja  poffliblc  owing  to  the  iodiuin  cklorido  curried  d<m'n  by  the 
precipilnte.  Tu  le^t  ita  purity  iW  &brino^cn  ia  mixed  od  the  one  hand  witb  cal- 
cium chloride  end  on  the  otherwith  fresh  blood  semra.  In  tbo  Bwond  mixture 
coaeulation  oecurs^  prcving  Iberc  ia  fibrinogen  present  in  solution,  No  coogu- 
laiJon  taki.'a  place  in  tiic  fitat  inhv.  ehowjii^;  (liut  ibo  profctmt^nt  Ja  ahaeiit- 
We  further  delermiiiHl  by  hea.1  (hnt  no  oiher  albuminj^  or  globulins  were 
prooent. 
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(Nolf/MijcrB,t  f-  Hamburper^  Van  St«Dber^e,§  Leblanr||).  It 
iy  tlifScult  to  delcmime  iht  effect  od  thealbutiiiiif^;  F.  Hamburger 
cJdnifi  to  have  obtained  a  coagulin  for  laetalbumin,  Mijczs  one  for 
egg  albumin,  and  Ixblanc  one  for  flerurn  albumin;  but  Nolf,  on  the 
other  hand,  could  obtain  no  coagulin  for  scrum  albumin. 

We  have  made  a  few  observations  along  this  line,  restricting 
ourselves  to  the  action  of  rabbit  >  dog  aerum  and  mbbit  >  milk 
serum  on  the  separable  substances  of  their  respective  antigens, 

Tlte  effect  of  rabbit  >  dog  serum  on  the  globulins  aiid  tlic  cdbumiTis 
of  dog  serum^  —  We  ecpamtcd  the  globuUns  from  dog  scrum  by 
saturation  with  magnesium  sulphate.  After  redissolving  in  Jis- 
tiUed  water  the  globuhos  were  again  precipitated  by  eodium  chlo- 
ride; this  precipitation  was  repeated  twice  and  the  final  globulins 
dissolved  in  a  volume  of  distliletl  water  to  equal  their  ori^al 
volume.  Solution  is  made  possible  by  the  NaCl  taken  down 
by  the  globulins. 

The  albiunin  is  obtained  from  the  fluid  of  the  ori^al  precipita- 
tion with  inagnej'ium  Mal|)liaJe  by  adding  acetir;  aciil^  and  Is  nslL^i- 
solveil  in  nunual.salt  solution;  the  fluid  i^  tljen  neutniliaeil  to  1itmu§ 
by  the  addition  of  a  few  dropa  of  2  per  cent  NaOH. 

With  these  two  produnt^,  two  series  of  tubes  are  prepared  con- 
taining mixtures  of  normal  rabbit  serum  or  specific  rabljaL  serum 
with  and  without  rabbit  alexin.  In  the  mixtures  without  alexin 
the  sensitized  hen  corpuscles  added  5  hour^  later  remain  intaetj  in 
other  words,  the  solulinmi  of  globulins  and  albumius  employed  were 
not  in  themselves  Iiemolytie.  In  the  mixture  of  normal  rabbit 
serum  and  alexin  hemolysis  occurred ;  there  is  no  hemolysis,  however, 
in  the  mixtures  eontaining  r>ihhh  >  dog  Kerum. 

It  would  seem,  [hen,  that  rabbit  >  dog  serum  will  fix  rabbit  alexin 
with  either  the  globulin  or  the  albumin  of  dog  serum.  We  do 
not  wishf  however,  to  attach  too  much  signitieance  to  this  experi- 
meot^  which  we  were  unfortunately  unable  to  repeat  owing  to  lack 
of  material. 

The  effect  of  rabbit  >  milk  serum  on  casetrif  ladoglobidin  and 

-  No]U  Ammtra  ds  I'liutitut  Puteur,  1900. 

t  Mijers.  loc.  <?ir 

j  F,  liamhutgcr^  Wicn,  klirj.  Wochtns,,  Hm,  p-  1202. 

S  Van  Stetxibtrghe,  Annali.^  Je  rinnliLiit  Paateur,  1901. 

II  Leblanc,  La  Cellule,  l.  XVlU.  '2nd  tascK^ 


252 


STUDIES   IN   IMMtlNITV, 


luctidhnmin  from  row  irnlk.  —  Thi.^f}  pxporirtienl^  witli  Uic  various 
Tiiilk  ilerivativcs  \mvt^  J)ti.'ii  froiiuently  rcpL^nU-il  and  always  with 
the  same  result. 

We  oljtainetl  milk  casein  by  tfie  woll-known  nietbotl  of  diluting 
with  three  volumes  of  water  and  pret;i  pi  taring  with  O.l  to  0.2  per 
cent  acBtic  acid.  The  resultant  precipitate  is  redissolved  with 
ammonia,  1  to  200,  and  reprecipiiateil  tmce  with  aeetit;  acid. 

The  easein  purified  in  thifi  manner  is  dissolvecl  in  water,  rendered 
alkaLino  with  ammonia  and  made  et[ual  in  amouni:  to  the  original 
volume  of  the  milk,  neutralization  is  then  made  with  phcsphorits 
add. 

The  lacto[ilobuhn  and  tlie  laGtalbuniin  were  obtained  from  whey 
by  the  same  method  employed  for  dog  serum.  They  were  all 
finally  rcdiEsolved  in  a  much  pmaJlor  amount  of  fluid  than  the 
oripnal  whey  volume.  We  know  from  Bordct's  atudics  that  in 
order  to  proilui'L'  comt)lclc  fixation  nf  alexin  by  bacteria  and  spe- 
cific serum  that  a  considerable  number  of  bacteria  are  Dcecssar>", 
Since  lactopjobulin  and  laclalbumiii  arc  present  in  such  small 
amounts  in  milk  we  should  not  expect  them,  in  absence  of  casein, 
which  formt^  the  bulk  of  organic  gubstanees,  to  fix  all  the  alexin  in 
the  presence  of  rabbit  >  milk  porum. 

With  thc^c  substances  prcpar*xl  in  this  way  three  iticntical  scries 
of  tubes  arc  prepared  corresponding  to  those  in  the  experiment 
with  rabbit  >  milk  scrum  and  whole  milk.  In  addition  to  a  fourth 
control  scrica  of  niitk  aud  rabbit  >  milk  serum  there  are  the  three 
other  series  containing  casein,  lactoglobuhn,  and  lactalbumin 
respecti^'ely  in  place  of  whole  milk. 

In  the  tubes  of  each  series  that  contain  nonnal  rabbit  serum,  56 
degrees  plus  each  of  the  sub^tance^  in  turn,  bcmolvi^is  is  complete: 
the  alexin  is  not  fixed  by  any  of  these  substances  without  rabbit  > 
milk  serum.  But  in  the  mixturt^  of  milk  or  milk  derivatives  and 
specific  serum,  hemolysis  rjccurs  only  Jn  the  mixture  containing 
lactalbumin*  and  is  lacking  in  the  tubes  containing  easein  and 
lactoglobulin  as  well  as  in  the  one  with  whole  milk.  In  other  words, 
alexin  is  fixt^l  by  rabbit  >  milk  serum  with  both  casein  and  lacto- 
globuliui  it  IS  not  fixtil,  however,  with  Iwitalbumin,  Wc  may  add 
that  tfie  precipitating  projieriy  of  the  serum  parallels  the  sermlismg 
pro/itrty:  u:e  oblGm  a  fli--itinrt  precipitate  by  adding  catkin  tjr  ladi>- 
gldtulm  to  iii£  ajjecijk  seruwi,  wliereas  ifte  addittGn,  of  laclalhumin 


TEE  SENymZEKS    OF  5ER.\, 


253 


produces  710  such  effect. 
burger  on  lliie  point. 


We  rlo  not  agree,  therefore,  with  F<  Ham- 


Oiie  gF  the  principal  proj>erliGS  of  antimicrobial  anJ  of  hemolytic 
sensitizers  is  their  specificity.  As  a  general  rule  irnniune  -sera  are 
active  only  against  those  eells  which  by  injection  have  given  rise 
to  them.  There  is,  wc  ijeUeve,  no  exception  to  this  rule,  although 
Ehrlit'h  and  Morgenroth  have  not*fd  that  the  serum  of  rabbits 
treafft;]  with  rjK  blootl  seii^tizes  not  only  ox  corpuscles,  but  also 
goat  corpusfles- 

On  the  other  hand  tht^re  are  numerous  ejcceptions  to  this  rule 
among  the  coagulins.  Wassermann  and  Schiitze,*  Slernft  and 
Nuttallf  in  particular  have  shown  that  the  serum  of  animalr;  in- 
jected:! with  human  serum  precipitates  not  only  this  seruni,  but  also 
the  serum  of  anthropoid  apes.  Grunbaum,  ft  by  ioiecting  rabbits 
with  the  sera  from  throe  different  spectea  of  monkeys,  obtained  sera 
afTeetiiig  ihe  serum  of  these  throe  species  and  al^o  of  man.  Linos- 
aier  ami  Ijeirioine  ||  found  that  the  serum  of  animals  given  ox  serum 
would  precipitate  sera  of  other  animal  species.  And  Mom^l  has 
recently  whown  that  a  serum  that  precipitates  cow  milk  will  also 
precipitate  goat  milk. 

It  seemed  to  us  well  to  determine  to  what  extent  our  sera  active 
against  albuminous  substances  wore  eudowai  with  specificity,  par- 
ticularly  &&  regania  their  sensitizing  property. 

Rabbit  yerum  active  against  milk. — This  serum  from  rabbits 
that  ha<l  been  ^vcn  injoetions  of  cow  nulk  was  heated  to  ;^  degrees 
and  added  to  diJ^erent  milks:  cow  milk,  ewe  milk,  goat  milk,  mare 
milk  and  human  milk. 

IVilh  each  milk,  mixtures  were  made  with  normal  rabbit  serum, 
5G  degrees,  and  with  spociiic  serum,  Gti  degrees* 

Tube  I                          Milk  (f,g,,  oow)  0.3  c.e. 

Scrum  rabhit  >  mlLk,  56  degrees  0,G  cc. 

Alexin  (rabbiC)  0,1  o.c. 

Tube  2                              Milk  0.2  cc. 

Spnim  normiiL  r&bbit,  56  degrtea  0^6  Ct. 

Alexin  O.l  cc. 

•  WosHerinaiin  aud  ^Initaiv     DtHiu  kliii.  Wixhuii,,  XXXVllI,  190h  187- 

t  Stprn,  Dflutscbe  lued.  Woclipas.,  1901,  p,  135. 

r  NutLaJI,  The  Journal  of  Hyfi.,  July,  lyOI,  3. 

S  GruQliaum,  Tbe  LAnc^et,  January  13,  1903- 

II  IflacisiJer  unii  Lemoiae,  Coniptf^  rend-  Sac,  dc  BioL^  19')J  85- 

1  Moro,  Wieuer  kliii.  Wochscb  ,  1902,  121. 
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Iq  addition  to  this  series,  comprising  two  tubes  for  each  milk 
test^,  other  tubes  with  decreasing  doses  of  active  niul  normal 
sorum,  e.g,,0,4,  0.2  and  0,1  of  a  cubic  centimeter,  but  all  coDtalning 
the  &amc  amount  of  alexin  and  milli»  were  prepared. 

In  none  of  the  tu\y^  containing  Ltomial  rabbit  serum,  56  degrees, 
do  the  various  milks  fix  alexin ;  in  all  tubes  containing  rabbit  >  milk 
eerum^  on  the  contrar>',  an  alexin  absorption  occurs.  There  is  no 
evidence  of  specificity  with  this  serum  in  a  dose  of  0.6  of  a  cubic 
eontimcter  of  serum,  0,1  of  a  cubic  centimeter  of  alexin,  and  0»2 
of  a  cubic  centimeter  of  each  milk  in  turn.  Nor  docs  decreasing 
the  active  serum  to  OJ  of  a  cubic  centimeter  show  any  difference 
between  the  cow,  ewe  and  goat  milk.  Human  milk,  however,  was 
less  perfectly  sensilized  by  the  serum,  even  in  a  dose  of  0.(;  of  a 
cubic  centimeter  of  aenim  to  0.2  of  a  cubio  centimeter  of  milk; 
fixation  was  cot  quite  complete,  and  is  oimoat  nil  with  i)J2  of  a 
cubic  centimeter  of  scrum- 

Mare  milk  seems  to  lie  between  the  first  group  of  milks  and 
human  milk:  a  total  fixation  occurs  with  0,0  of  a  cubic  centimeter 
of  scrum,  0,4  of  a  cubic  centimeter  or  even  with  0.2  of  a  cubic  cen- 
timeter, but  only  an  imperfect  fixation  with  0.1  of  a  cubic  centimeter. 

To  sum  up ;  the  naimtiser  in  our  rohbU  >  milk  tterum  iis  not  specific. 
It  acts  tncrtjtiicallu  an  milicsfrom  various  oUied  animul  specks  [cow, 
ewe,  goai)  and  somewhat  less  distinctly  on  other  miiks  [hurnan  and 
mare). 

Rabhii  >  egg  serum,  56  degrees, — Similar  experiments  were  per- 
fonnttl  with  the  sensitizer  of  rabbit  >  egg  serum-  The  serum  was 
obtained  by  icjcetiug  hen-egg  white  and  was  testeil  with  egg  white 
from  the  hen,  the  pigeon,  the  turkey  and  the  duck.  On  the  fiist 
experiments  we  used  unifomdy  0.2  of  a  cubic  centimeter  of  serum; 
an  intense  precipitate  waa  fouml  with  all  the  albuiuinSf  and  the 
alexin  was  fixetl  ui  all  eases  so  that  no  hemulyais  of  sensitiaeil  hen 
corj)U.sdes  occurreil.  Hemolyhia  was  complete  in  conttob  with 
normal  rabbit  serum. 

"VVe"  have  not  trieil  to  establish  a  difference  between  the  various 
egg  whiter  by  using  varying  amounts  of  active  serum,  as  in  the 
rabbit  >  milk  experiments,  such  an  experiment  was  tried,  however, 
between  hen  and  pigeon  albumin.  With  Ixnh  species  fixation  is 
complete  with  O.C  or  even  0.5  of  a  cuWc  centimeter  of  active  serum> 
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With  0.4  of  a  cubic  centiiiiel^r  it  is  nearly  complete  and  with  0.2 
of  a  cubic  ccniinifter  verj'  slight.  There  is  no  liifferentiaLion,  then, 
between  pigenn-egg  wliite  ami  hen-egg  white  by  sensitizaiion  with 
rabbit  >  lien-egg  white  serum. 

In  brief,  we  haim  found  no  spen'/icily  eitfter  ta  regards  precipilin 
with  or  sensit-izeT  with  rabbit  >  egg  aemm. 

RaUnl  >  fihrtnogen  serum,  56  degrees, — We  have  Found  no  more 
evidence  oF  specificity  as  regards  precipitation  and  sensitization 
with  this  serum  than  with  the  two  preeetling  sera.  The  serum  was 
obtaineiLl  by  injecting  large  amounts  of  pure  fibrinogen  from  the 
horee  and  was  tested  with  fibrinogens  from  the  horse,  the  ox  and 
the  dog^  all  prepared  in  exactly  the  same  way.  An  abundant  and 
immediate  precipitate  occurred  with  each  fibrinogen;  there  waa 
apparently  no  difference  in  amount  even  when  the  active  serum 
was  deercasod  to  0,1  of  a  cubic  centimeter,  with  0.2  of  a  cubic  cen- 
timeter of  fibrinogen  and  0.1  of  a  cubic  centimeter  of  rabbit  alexin. 

The  same  results  were  obtained  as  regards  sensitization  of  the 
three  fibrinogens.  Whatever  the  dose  of  active  senira  employed 
(3,  2,  L  or  one-half  volume  to  1  volume  of  fibrinogen  solution,  and 
one-half  volume  of  rabbit  alexin),  a  complete  fixation  of  alexin 
ocuurrai  with  each  fibrinojien  with  the  largc&t  doso  of  3erura^  and 
progrc^ivcly  less  s^  the  ycrum  was  decreased. 

Rabbit  serum  adive  for  dog  strum,  56  degrees. — On  account  of  the 
practit-ai  value  of  the  scnim  precipitation,  first  demonstrated  by 
Tthistoviteh,  we  have  studied  the  spccihcity  of  our  rabbit  >  dog 
serum. 

Varying  amounts  of  serum  (0.6,  0.4,  0.2  and  0.1  of  a  cubic  cen- 
timeter) were  mixed  with  0.2  of  a  cubic  centimeter  of  various  sera 
heated  to  56  degri?ea  pbs  0.1  of  a  cubic  cenlimelcr  of  rabbit  alexin. 

We  lestt<l  in  this  way  dog,  horse,  ox  and  guinea-pig  serum. 

With  dog  serum  the  precipitate  fomici:!  with  0,5  and  0.4  of  a 
cubic  centimeter  of  .specific  serum  is  very  distinct;  it  is  less  with 
0-2  of  a  cubic  centimeter  and  no  longer  visible  with  0,1  of  a  cuImc 
centimeter,  Willi  the  other  sera  no  precipitate  occurrctl.  Simi- 
larly, the  alexin  wa^  fi\ed  only  with  dog  serum  and  more  or  1^3 
completely  according  to  the  amount  of  specific  scnim  employed. 

The  active  serum,  however,  produced  no  alexia  fixation  with  any 
of  the  other  sera  in  any  dose. 
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Tfi£  specificity  of  the  sensitizer  in  this  inslance  was  as  di^^iinci  a& 
thai  of  f/ie  precipitin,  and  is  anohgous  to  the  spedfidXy  of  ardimicrohiol 
and  hetnolytic  nermlizers. 

Tliere  remaina  to  describe  certain  experiments  that  we  have 
made,  suggestel  by  the  lack  of  specificity  in  many  of  our  sera.  We 
have  endeavored  to  determine  whether  these  sera  were  active  only 
Egaimt  the  partrcular  substantra  use<l  in  hnmuciaatiDn  and  were 
without  efFeet  on  other  substances  from  the  same  animal  species. 
We  can  simply  aild  a  few  examples  to  those  (U-scTibetl  by  other 
autbois.  Leclain<?he  and  Valli^e,*  Mertens,t  Dieudonn^,J  Zuelzer  § 
and  Schutze  ||  found  that  antihuman  sera  produced  by  injecting 
human  bVxxl  would  give  precipitates  with  urine  and  pleural  exudate^ 
from  human  beings;  conveivdy,  the  injection  of  exudates  and  trans- 
udates ^ves  rise  to  a  serum  that  precipitates  human  blood. 

SchutzeU  by  injecting  powdcre<l  human  muscle,  oblaineil  a  scrum 
that  sensitized  human  ret!  blood  cells.  F.  Hamburger**  h&i  sho^ii 
that  sera  that  precipitate  cow  lacloglobuUn  and  lactalbumin  will 
also  precipitate  bovine  blood  serum. 

We  have  considered  whether  hen-egg  white  might  not  be  pre- 
cipitated and  sensitized  by  a  serum  other  than  the  rabbit  >  egg 
serum.  In  the  following  experiment  we  determined  the  effect 
of  the  serum  of  a  rabbit  treated  mth  defibrinatetl  hen  blood,  and 
very  active  against  the  corpuscles  in  question^  on  hen-egg  while: 

Tube  1 


Tub«2 


Ben -egg  white 

0,2  c,c. 

3.  rmbbit  >  ben  blooJ,  M  degrees 

0,6  c.c. 

Rabhit  alexin 

0.1  c.e. 

Hen-^gg  wbilc 

0,:;  c,c. 

S.  mbbit  >  egg,  56  dt^reoB 

0,6  CO. 

Rabbit  alexia 

0.1  C-C. 

HtiH^  w}|ile 

0.2  C,C. 

S.  ncrmu]  rabbit,  ."iO  d^grecfl 

0.6  ex. 

Ha b bit  ulexia 

0.1  CO. 

Tube  3 


After  5  hours  contact,  one-tliirtieth   of  a   cubic  centimeter  of 
sensitized  hen  bloocl  was  oildeil  to  each  tube. 

•  LcclainchGandVaJl^pLftSeraaine  m6Jicale,  1901,  No,  4. 

f  MerUus,  Di-utwJuj  niL-d-  Wocb.,  100l»  Na  1. 

I  DieuduQiH^,  Munch  mpd.  Woch.,  1901.  No.  4. 

(  Znelier,  Deulsplie  m&!.  W<»ch.,  1901,  p,  ai«. 

H  Schutte,  Ze;t,  Kip  Hvg.^  XXXVI,  1^01.  450. 

IT  Schiitae,  DfUtftche  mcd.  Woch..  XXXVIII.  1901,  4S7. 

••  F.  Hamburger.  Wiener  klio.  Wocb.,  IfiOl,  1202. 
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In  the  first  two  tubes  a  m&rked  cloudinEss  appeared,  wfiit^h  was 
l&uking  in  tube  3^  In  t}ie8e  two  first  tub^  the  ftxalion  of  alexin 
alao  was  complete,  but  there  waa  none  in  tube  3.  The  serum  of 
rabhiU  injected  unth  defihrinoted  hen  blond  is  copabh  of  jirerijnUitiiuj 
and  of  sejisitiring  hen-egg  white  as  well  as  Ttihbit  >  e^g  serum. 

Is  the  converse  true?  That  is  to  say,  will  rabbit  >  egg  serum 
agglutinate  and  sensitize  hen  bIcxKl  corpuscles?  The  experiment 
to  answer  this  question  contaiiis  three  tubes: 

Tube  1  Wa^ihol  hen  cttrpiuclea 

S.  nonnu.]  rulibit,  5ti  ilegroea 

Rabbit  alcKin 
Tube  2  Willed  Llcei  corpua:1ed 

S^  rabbit  >  egg,  5t  degroee 

Rabbit  abxin 
Tube  3  Waalied  hen  corpuscles 

S-  ™bhjl  >  hen  hloorf,  56  degrees 

Rabbit  alE^in 


0>1  cc. 
0-3  C£. 

O.l  c^. 

0.1  ex. 

0^  o-c, 
Q.2  6.0. 


There  is  no  hemolysis  in  tube  1  and  rapid  hemolysis  in  tube  3; 
ill  2,  hemolysis  ocuuns»  but  hbwLy,  and  apparently  is  not  ai^uoiii- 
pam&l  by  agglutination- 

Welhendetprminefl  whether  this  rabbit  >  e^  serum  would  aft  on 
normal  hrn  lierum;  there  was  no  effi^tt-  In  a  similar  manner  nibbit 
>  milk  serum  baa  no  effect  on  cow  serum.  In  short,  it  is  evident 
that  if  an  immune  isenini  is  tested  on  elements  other  than  those  usei.) 
for  immunization,  but  from  the  same  animal  species,  the  results 
vary  and  cannot  be  prognosticated  in  an  untrieii  combination. 
Although  rabbit  >  milk  serum  has  no  effect  on  cow  serum  and 
rabbit  >  egg  serum  none  on  hen  serum,  we  find  that  rabbit  > 
egg  serum  will  sensitize  hen  eorpustrles  to  a  certain  extent,  and 
that  rabbit  >  hen  biood  serum  is  very  active  against  ben-egg  wJute, 

Conclusions 

These  experiments  would,  we  believe^  leail  to  the  conclusions; 

1.  That  in  the  sera  obtained  by  injecting  rabbits  with  large 
doses  of  cow  milk,  egg  white,  pure  horse  fibrinogen,  or  heated  dog 
serum  there  are,  in  addition  to  the  precipitins  of  Bordet  ami 
Tchistovitch,  substances  analogous  to  the  sen'^itizera  described  by 
Bordet  in  bactenolytir  and  hpmolytie  sera,  an<l  later  found  in  the 
majority  of  antimicrobial  sera.    The  same  is  true  in  respect  to  the 
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aera  of  giiincft-pigs  injected  with  rabbit  bloocl,  aJthough  in  this 
case  the  sensitizer  appears  less  (wiwerfuL 

2,  The  sensitizers  studied  by  Bordet  cause  blood  cells  or  bac- 
teria to  fix  alexin.  The  sensitizers  wg  have  just  d^c^nbej  produce 
the  same  phenomenon  and  differ  only  in  being  directed  against  non- 
differentiated  substances.  We  have  dealt  with  amorphous  chemical 
substances  and  not  with  morpholo^eally  defined  dements, 

3,  The  sensitizer  in  the  serum  of  rabbits  injected  with  dog 
blood  would  seem  to  act  both  on  the  globulin  and  the  albumin  of 
dof;  serum;  ihe  sensitizer  in  the  serum  of  rabbits  injected  with  cow 
milk  acts  on  the  casein  and  the  lactogiobuUn^  but  not  on  the  lact- 
albumin. 

4.  It  is  known  that  the  sensitizers  of  antimicrobial  anJ  of  hemo- 
lytic sera  generally  have  the  character  of  marked  eppcificity.  Wc 
have  found  this  to  be  true  also  of  the  senim  of  rabbits  active  against 
dog  scrum.  On  the  contrary,  the  scnsitizorE  of  most  of  the  sera 
we  have  studied  have  eliglit  specificity  or  none  at  all.  Such  sera, 
notably,  arc  those  from  animals  injected  with  milk,  egg  while  and 
fibrinogen.  It  is  true  that  these  substances — the  albuminoids  of 
milk,  fibrinogen  and  egg  white  —  show  an  almost  identical  con- 
stitution in  various  animal  species,  at  least  sufficicut  to  reniJer 
tlieni  all  euateptible  to  a  given  active  serum  irrespective  of  their 
origin. 

5.  The  sensitizers  of  immune  sera  may  often  act  on  substances 
other  than  those  useil  for  immunization,  but  from  the  same  animal 
species.  For  example,  the  -seruiii  of  an  animal  injeetixl  with  hen 
bloofl  acts  on  ht^n-egg  whilf.  There  is  no  general  rule  in  this  respect, 
however,  as  indi^-idual  cases  vary. 


XIII-    ON   THE  MODE   OF   ACTION  OF  ANTITOXINS 
ON  TOXINS,* 


Br  DR.   JULES    BOaOCT. 

The  majonty  of  scientists  who  have  studied  antitorins  believe 
that  they  modify  the  poison  for  which  they  are  the  antidote.  In 
other  words,  antitoxin  protects  the  animal,  not  by  rendt?ring  it  more 
resistant,  but  by  reacting  with  the  toxin  and  destroying  its  harm- 
ful properties. 

This  conclusion  has  been  drawn  from  numerous  important  re- 
searches, among  which  may  be  mentioned  thoac  of  Martin  and 
Cherry,  Its  accuracy  became  ver>-  evident  as  soon  as  we  were 
able,  thanks  to  Ehrlich,  to  eliminate  experiments  on  the  Uving 
animal,  with  the  accompanying  uncertainty  of  individual  varia- 
tion, and  replace  thcni  by  celb  that  are  susceptible  to  the  poison. 
Thereafter  we  were  able  to  study  the  effect  of  antitoxin  on  toxin 
in  vitru,  as  the  sensitive  cell  is  changed  when  toxin  is  present,  but 
remains  intact  if  this  poison  has  been  neutrahaed  by  a  suitable  dose 
of  antitoxin. 

The  conception  that  antitoxin  not  only  modifies  toxin,  but  that 
it  also  unites  with  it,  is  in  perfect  harmony  with  the  data  we  have 
concerning  the  other  active  substances  of  sera,  and  may  (herefore 
be  acceptetl  with  relative  certainly.  The  action  resembles  closely 
the  effect  produced  by  agglutiniiu^,  sensitizcn*  and  alexin  on  sus- 
ceptible cells;  in  a  similar  way  the  precipitins,  which  are  strikingly 
analogous  to  the  aggtiitinins,  agree  to  a  certain  extent  w^ith  true 
antitoxins  in  that  they  unite  with  non-difTerentiated  chemical 
substances. 

Since  we  may  regard  it  as  proven  that  antitoxin  destroys  the 
hannful  properties  of  toxin  by  direct  combination,  an  attempt  may 
be  maile  to  determine  the  intimate  reaction  between  these  two 


'  Sur  le  mode  d'oction  des  aailiox'mta  our  lea  toxinea. 
Paitteiir,  Xi'II.  JWB,  IfiL 
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substances.  Many  invest! gatora  have  endeavored  to  solve  this 
problem,  but,  of  necessity,  with  oaEy  partial  success.  .\s  the  molec- 
ular constitution  of  these  sub&tances  is  a  mystery  and  their  cliemi- 
cal  nature  unknown,  their  interaction  naturally  could  not  be  so 
exactly  antl  cleariy  dcmonstratcil  as  is  jxist^ible  in  dealing  with  the 
wdl-kuown  substances  witli  which  cheuiiats  work. 

We  must  be  content,  then,  for  the  present  with  outlining  the 
general  characters  of  the  reaction,  in  describing  its  appearance  and 
in  endeavoring  to  determine  the  laws  to  which  it  is  subject.  Hie 
first  question  to  answer  obviously  h:  does  antitoxin  unite  with  toxin 
in  definitt*  proportions,  as  dtie?*  a  tiionubmc  acid  with  an  alkali, 
in  which  ci-se  the  nuuLralizetl  piYjduct  has  a  fixeii  and  invariable 
composition;  or  does  one  of  ths  suljstancoa  unite  with  the  other 
in  varj'hig  amounts?  If  this  seconil  tiupposition  is  correct,  it  is 
evident  that  the  combination  fumied  by  union  of  the  two  substances 
will  not  always  be  the  same  or  endowe<l  with  the  same  characl^ris- 
lics,  but  will  vary  in  composition  acconling  to  the  relative  propor- 
tions of  the  two  reacting  suljsfances.  For  iustanco.  a  mixture  of 
e(|ual  volumes  of  Inxin  ami  anlitoxin  would  produce  a  difTerent 
sul*;tance  than  a  mixture  of  one  part  of  toxin  with  two  of  antitoxin. 
Tiie  resulting  substance  would  vary  wilh  the  respective  doses  of 
the  two  components  employetl :  all  would  contain  the  same  elements, 
toitin  and  antitoxin,  but  would  differ  in  that  one  substance  would 
be  more  or  less  saturated  by  the  other.  Acconhng  to  this  hy[jf4he- 
ni*^,  the  reaction  of  toxin  and  antitoxin  would  resemble,  at  least  in 
regard  to  the  variation  of  proportions,  rhe  reaction  of  iodine  on 
starch.  Starch,  as  we  know,  absorbs  varying  amounts  of  iodine 
and  correspondingly  varies  in  the  intensity  of  its  blue  colore  for 
this  reason  chemists  regard  this  reaction  a^  belonging  to  the  phe- 
nomena of  dyeing.  Dyed  substances  take  widely  varying  amounts 
of  the  <lye. 

Let  U3  consider  for  a  moment  this  comparison  with  dyeing  phe- 
nomena, a  comparison  that  wc  have  previously  maile  use  of,  and 
it  would  seem  inailvisedly,  since  it  has  led  many  who  have  read 
our  preceding  articles  to  a  thorough  misconception  of  them. 

Ah  we  have  determined  *  the  maximal  amount  of  reil  blood  cella 
that  a  given  dose  of  hemoiytic  serum  can  destroy  varies  in  accord- 

•  See  p.  194, 
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ance  with  the  maimer  in  wfiieh  tbe  blood  is  added  to  the  serum. 
If,  for  example,  we  adtl  a  given  amount  of  blood  in  a  single  do^  to, 
E&y,  1  c.c-  of  serum,  tliis  amount.  A,  may  be  relatively  considerable 
and  yet  be  entirely  hcmoiyacd.  But  if  this  atm^iint  A  ia  divided 
into  several  fractions  addeil  one  after  another  at  sufficiently 
spaced  intervab  to  the  same  amount  of  the  active  scrum,  only  a 

few  of  the  corpuscles,  say   -r  will  be  d^troyed.     It  would  seem 

as  if  the  first  doses  of  corpusclcg  hail  taken  up  all  the  hemolytic 
Bubetancca,  and  bo  deprived  the  subsequently  abided  corpuscles  of 
their  share. 

A  bloofi  corpuaclct  then,  absorbs  varying  amounts  of  active  aub- 
Btanccs,  the  maximal  dose  that  can  be  fixed  being  distinctly  greater 
than  the  amount  necc^ary  to  produce  complete  solution,*  With 
this  explanation  wc  [uay  offer,  as  a  preliniiiiar>'  hypothesis,  that 
the  absorption  of  the  active  principles  of  serum  by  the  fixing  portion 
of  blood  cells  does  not  follow  the  law  of  fixed  proportions,  but 
resembles,  rather,  the  absorption  of  dyes  by  substances  that  take 
them,  which  absorption  varies  considerably  in  amount.  Con- 
sequently we  should  expect  the  absorbing  energy  to  vary  to  a 
large  extent,  depending  on  the  conditions  of  the  experiment  {con- 
centration of  the  aul^stancc  con?iidi;red,  length  of  contact,  ^^tablisli- 

*  Af  wo  know,  hcmolpis  dop«nda  oa  ttio  colliLbonktioa  of  tbo  alexia  and  tbo 
ecuaitJfer,  Xu  nliich  of  tUirac  tno  auk'ttunceA  la  tbli  result  Jue?  In  ulher  nurda. 
wtiiph  one  La  al^orbefJ  in  variable  do^ea  by  tlie  pckJ  bJiud  cell?  Both  ^jhytani^ea 
have  ibis  properly,  butthp  alexia  sbowj  it  tbcmoro  dialinctly;  and  lu  the  alexia, 
then,  a  due  tbc  gnaitcr  part  in  the  pbeaoineiicn.  To  a  tube  containing  0,5  of  a 
cubic  c«niiTa<-Ior  of  nlpiin  (fresh  giiinf^rL-pig  ^tuihJ  in  add^  itM  oi  a  cvltlp  cea^ 
timcter  of  KcU-wasbcd  rabbit  blood,  aacl  immediately  afterword  0.0  of  a  cnbiQ 
ctfiitimctcr  of  dcLuitifcr  Itiuinea'pig  >  rabbit  aefiEOi,  ^ilegreea^  hemolysis  follows 
rapidly.  Three  hours  Uict  U  I  of  g  eiiluc  centiraoler  raorif  of  bliJOfi  and  0.'<i  of  a 
cubic  cettLimcicr  of  acnaitiEor  iii  added,  and  1  Lour  later  O.I  of  a  cubic  contimetizr 
moTti  of  UIoihI  and  0,3  of  ii  cubic  ctulimcttr  of  f^cLibltiiicr.  TIh:  ludt  eorpUdclea 
reraaiti  iniact.  Wn  jas.y  then  propare  a  miYtLrre  cont^Lining  the  same  (olol 
azDOUot  o[  cocfa  auljBtancc  (0-5  c,c,  of  uJcxm,  0,^  c,c,  oE  bZuuil  aud  1,5  c,c,  of 
flensiliier),  bui  miJt  ihtm  together  o-L  onec.  Ctirnplete  bomoly^ia  occurs.  The 
intael  corpUBclea  m  the  first  mixture  are  weU  »ensitiwd-  but  Inelf  alexin  ThJHi  it 
shown  by  the  fact  that  the  eubsequent  addition  of  alexia  ppoducca  corapbte 
hedoly^i^r  We  may  coucludf^,  then,  that  the  stroaiuLa  of  the  tirsL  htmcjlyied  txjt- 
pusclea  are  loaded  with  alexia  that  th&y  refuse  lo  yield  to  other  semi ti zed  corpiis- 
clea.  Th«  Btroma'alexin  complcjt  Ja  atablc  aoii  Joes  not  break  up.  We  shall  latar 
return  to  this  fuel  m  cooaidenng  one  uf  Uurgeuroth's  experimenla. 
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ing  of  equilibrium  between  the  cIdsr  of  active  substance  absorbed 
and  that  ivhicit  remains  free,  and  so  Forth),  and  this  idea  we  have 
endeavored  to  prove  experimeniAlly, 

We  may  whl  that  this  interpretation  has  appealed  to  various 
observers  who  have  perfonned&iniilareKperinientsi  similar  ami  even 
more  demonstrative  rtsults  have  been  obtained,  as  certain  of  these 
other  experiment?^  are  Itss  open  to  criticism  tlian  our  own.  Thi* 
reiearclits  of  ELsenbi^rg  and  Volk,*  giving  definite  inFonnation  on 
the  relations  between  agglutinins  and  bat^U'ria  and  lea^hng  to  many 
new  and  important  experiments  on  this  subject,  are  particularly 
instructive  in  this  connection.  These  authors  found  that  the  law 
of  definite  proportions  does  not  apply  to  the  uuion  of  the  agglu- 
tinin with  the  agglutinable  substance  of  bacteria.  In  the  course 
of  their  work  they  noLe<l  that  if  a  dose  A  uf  bacteria  is  sMlded  to 
a  ^vcn  dose  of  agglutinating  serum  the  results  are  the  same  as 
those  jast  described  for  hemolytic  serum,  and  depend  on  whether 
A  13  addeii  all  at  once  or  in  divided  doses:  less  bacteria  are  agglu- 
tinated when  atlded  little  by  little.  Bacteria  can  absorb  much 
more  agglutinin  than  ie  necessary  to  clump  thera.  If  the  amount 
of  agglutinin  is  considerable,  an  equilibrium  is  established  between 
the  fraction  that  remains  free  and  the  one  absorbed  by  the  bac- 
teria, the  decree  of  saturation  depending  on  the  concentration  of 
the  agglutinin.  We  cannot  reproduce  here  in  detail  the  interest- 
ing conclusions  of  these  observers  (variations  in  the  coefficient  of 
absorption  in  proportion  to  the  dose  of  agglutinin,  the  function 
of  the  relative  concentrations  oF  [agglutinin  and  agglutinablc  Buh- 
BtaneesT  etc,)-  the  most  important  fact  i^  that  the  agglulinable 
substance  absorbs  amounts  of  agglutinin  that  vary  according  to  the 
relative  projxjrtions  of  the  two  reactinp;  substancca. 

It  would  seem  legitimate,  then,  to  aeeunic  that  the  law  of  fixed 
proportions  is  not  applicable  to  the  ab&orfjtion  phenomena  by 
cells  or  bacteria  for  the  aetive  principles  of  specific  sera.  The  pro- 
portions would  seem  to  vary  as  markedly  as  do  the  conditiona  of 
experiment.  The  comlitions  are  very  unlike  those  met  with  in 
straight  chemistr>\  which  depend  on  equations  and  eciulvalcnts. 
It  is  simply  for  ific  pur  pfine  of  expressing  this  idea  more  ^mpha.t}ca}\y 
that  we  have  compared  these  phenomena  with  those  oF  dyeing. 

■  Zait,  (lir  Byeieiie,  Vol,  XL,  ltt03. 
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CertaiD  observers  in  rliscussing  this  comparison  have  supposed 
that  we  overiotjketl  the  ^'cheniiEal  nature*'  of  the  combination 
of  active  serurn  with  ftie  fixing  subetanco  of  the  coqDuscle.  In 
other  words,  they  have  inmginei.l  that  we  reganl  thia  fixation  as 
depending  entirely  on  lUL't-h^mcal  cjiuaw  (surface  udliL^ion,  etc), 
to  the  exclusion  of  any  elective  or  specific  affinity  * 

To  read  these  authors  it  woulti  almost  appear  as  if,  in  our  opiniorii 
corpuscles  absorb  the  active  substances  of  suitable  immune  sera 
indifferently  and  without  any  special  affinity,  as  charcoal  collecta 
various  gases  indiscriminately!  We  have  never  committed  our- 
selves on  the  intimate  nature  of  the  reaction,  but  simply  as  to  its 
general  appearance.  The  expresaioos  'purely  mechanical  causes" 
and  "surface  adhesion"  do  not  occur  in  our  descriptions.  We 
ehall  not  go  any  further  into  the  discussions  as  lo  whether  dyeing 
phenomena  should  be  qualified  as  "physical''  or  as  "chemical." 
The  point  of  importance  is  that  these  reactions  differ  from  those 
of  ortbnary  chemistry  in  that  they  are  not  expressed  by  equations; 
the  proportions  in  which  the  substances  unite  vary  according  to  the 
conditions  of  the  experiment.  It  ie  simply  this  idea  of  a  variability 
in  proportions  which  led  to  our  comparison  ami  which  to  our  think- 
ing would  ju^^tify  it.  The  results  of  Eisenbcrg  and  Volk,  which 
agree  with  our  own,  render  this  comparison  3tiU  more  legitimate- 
That  in  the  caae  of  specific  acra  and  susceptible  cells  we  have  to  do 
with  real  affinities  would  seem  evident  from  the  principle  of  specifi- 
city on  winch  we  have  so  much  insisted  and  which  no  one  questions. 
It  is  certain  that  these  cells  show  a  truly  specific  and  exclusive 
avidity  for  their  appropriate  antibodies.  That  is  no  reason,  how- 
ever, for  their  absorption  in  hxctl  proportions  nor  that  the  resulting 
compound  should  be  of  (ixcd  and  invariable  composition. 

Having  linished  this  digression  wc  may  retnm  to  to?das  ami 
antitoxins  and  reconsider  the  question  already  stated.  Does  the 
combination  of  these  elements  occur  in  fixed  and  constant  propor- 
tions, and  is  the  resulting  product  always  the  same,  or  may  the 
proportions  vary  within  wide  limits  and  the  resulting  compounds 

*  We  nmy  remark  in  paaeing  that  it  ect^ms  unwJsctoiLSSprt,  aasomcQuthorado, 
that  rlyeing  phGaoiiicua  fihuuJJ  iirver  be  coa^iJeri^l  fram  a  clicoiical  staarlpoiat, 
and  that  *iycd  stibBtnQces  alxrarb  'iyes  in  a  purely  meelianica]  DDAani^r,  owing  to 
pbyaic&l  propcrticA  (tcTCturc,  porauanos^)*  and  dcyct  gning  to  cctCaia  ctenuc^l 
affinities  Lbat  dvpeod  on  Uieir  cooipusitiou. 
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differ  according  to  the  e:\jjerimental  conditions,  and  contain  with  & 
given  dose  of  one  substance  variable  amounts  of  the  other? 

Before  seeking  an  answer  we  must  recall  certain  experimental 
data.  In  the  first  place  it  hfts  been  shown  that  if  an  amount  A  of 
antitoxin  is  necessary  completely  to  neutralize  an  amount  T  of  toxin, 
that  2A.,  3A  or  nA  is  necessary  to  neutralise  2T,  3T  or  nT  respec- 
tively. If  we  regard  the  antitoxin  as  acting  directly  on  the  toxin 
and  conabining  with  it,  there  is  nothing  surprising  in  this  fact  It 
would,  moreover,  seem,  a  pnorij  evident.  This  fact,  however, 
affords  no  definite  information  as  to  whether  antitoxin  and  toxin 
umte  in  definite  and  constant  proportions,* 

There  is  a  second  very  important  fact  mentioaed  by  Ehrlich, 
Having  determined  very  exactly  the  minimal  lethal  dose  of  toxin, 
let  u,'^  eu]:jpose  that  it  is  necessai^'  to  add  100  fatal  doses  of  this  toxin 
to  a  quantity  A  of  antitoxin  to  produce  a  neutral  mixture.  We 
a<lmit  that  the  dose  A  of  antitoxin  is  just  sufficient  to  neutrahze  the 
toxin  or,  in  otlier  words,  to  produce  a  harmless  mixture  containing 
no  excess  of  antitoxin.  Let  us  now  prepare  a  mixture  containing 
also  a  dose  A  of  antitoxin,  hut  101  minimal  lethal  dosi^s  of  toxin. 
We  might  suppose  that  this  mixture  would  kill  a  test  animal,  since 
it  contains  an  excess  of  toxin  equal  to  one  fatal  dose.  This  is  not 
what  happens,  however;  the  animal  shows  only  sh^t  symptoms. 

Mixtures  may  be  prepared  contiuning  a  considerably  increased 
amount  of  toxin,  even  as  much  as  200  lethal  dosca.  to  the  same  dose 
A  of  antitoxin,  without  proving  fatal  for  animala  within  the  usual 
time  limit.  The  injection  of  such  mixtures  produces  shght  edemas 
if  the  excess  of  toxin  ia  slight,  and  more  serious  ones  if  the  excess  la 
coa*3iderablc. 

This  is  '*Ehrlich'5  phenomenon,"  It  evidently  offers  a  notable 
objection  tc  explanation  by  the  law  of  fixed  proportions.  The 
simplest  explanation  of  the  phenomenon  is  evidently  the  one  we 
have  already  meotioned^  namely,  that  the  antagonistic  substances 

*  It  vould  s«Dia  unnccossary  to  ineiat  oa  this  fact,  iF  it  were  not  that  a  bao- 
terioloffisL  haa  rtctQlljaaaertfld,  in  an  analosoiia  maoner,  that  thcjicelutiniu  miit«a 
m  defioite  pmporrions  with  the  agglminable  subsuinco  of  hact^Hit,  having  ilie 
ueertion  on  the  obvious  iaet  thai,  if  a  dvae  A  of  ?erum  ia  acOGasary  to  agKlutiuate 
adoHiBor  emulsion,  tliat  2jV  U  necessary  to  produce  Ihe  »ii.mc  cJTecton  2B.  Tfwe 
vrere  to  raaeOD  in  (tits  way,  ve  t^hould  a-4S?rl  lh»f  a  piiint  unites  in  d^Jinil^  propor- 
Uone  with  the  Burfacc  f>F  a  wuM,  since,  if  a  quanlily  A  of  paint  is  needed  to  paint 
10  fltiuare  meltra,  2A  ia  neceaaary  lo  paint  £0  aqiuirc  meters- 
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(toxin  and  antitoxin)  combine  in  variable  proportions,  Wc  may 
imagine  that  each  molecule  of  toxin  L^  able  to  unite  mth  or  fix  a 
variable  number  of  molecules  of  the  antitoxin.  Let  ua  suppose,  for 
example,  that  a  molecule  T  of  toxin  can  unite  either  with  a  single 
molecule  or  with  2^  3,  4  or  5  moJccules  A  of  antilo?dn.  Five 
compounds  then  are  possible  that  may  be  deaignatcd  TA',  TA', 
TA',  TA*  and  TA*.  These  mixturea  will  be  more  or  less  toxic, 
according  to  Ihc  amount  of  aotitoxin  present.  The  first,  TA^  would 
be  rather  poiaooous,  although  less  so  than  pure  toxin ;  the  Following 
TA'  and  TA'  would  be  successively  less  toxic;  TA'  and  TA*  may 
be  supposed  to  have  no  toxic  effect. 

If  we  were  to  mix  with  one  volume  of  toxin  containing  100  mole- 
cules (T)  a  volume  of  antitoxia  conl^ning  200  molecules  (A),  we 
should  have  a  compound  TA^.  The  antitoxin  would  lie  equally 
distributed  over  all  the  molecules  present  to  form  a  compound  of 
distinct  though  sbght  toxicity.  This  compound  represents  the 
toxic  molecule  partially  saturated  with  antitoxic  molecules.  It  is 
an  attenuates!  hut  not  a  neutralizetl  tnxiti. 

If  to  the  same  number  of  toxin  molecules  (100  T)  we  were  to  add 
300  molecules  of  antitoxin,  the  compound  TA'  would  be  formed, 
and  so  on.  In  *^ni.'h  irislance,  and  notwithstanding  the  dosage,  the 
antitoxin  will  be  &iu(iUif  distributed  amtmg  all  the  t<Jxic  mulecules. 
The  resultant  comiMJunds  would  differ  according  to  the  amount 
of  antitoxin.  As  a  result,  we  wouhl  never  find  in  such  mixtures 
^ite  free  and  -intact  toxin  in  conjunction  with  a  toxin  completely 
saturated  with  antitoxin. 

On  the  other  hand,  if  toxin  and  antitoxin  united  regularly  in  a 
fixed,  constant  and  uniform  jtroportion,  it  would  be  easy  to  obtain 
a  mixture  containing  both  intact  luxm  and  saturated  toxin  by 
adding  to  a  certain  volume  of  toxin  a  relatively  small  amount  of 
antitoxin. 

In  brief,  we  must  regar.l  a  mixture  of  toxin  with  an  incomplete 
dose  of  antitoxin*  as  one  or  the  other  of  two  ver>"  difforent  com- 
pounds, in  accordance  with  whether  we  accept  the  hypothesis  of  a 

*  W(7  may  noU^  at  oucc  tbcib  \i  is  pnicisely  aucb  uoa-fdtal  mixtui^s  timt  i^We 
rise  t'l  Mhrlich'a  phvnnmcnon,  tliat  L-^,  miiiuTt-g  cootJiining  n  dn^e  i>r  aniiiDTin 
capabli?  of  noulrrkluimg  100  Lethal  rioaes  oF  toEin  pluaii  aligbt  exceffi  *ii  %vx^,  any 
120  dincB. 
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combmatioa  m  fix«l  proportions,  or  the  hypothesis  of  union  in 
variable  proportions.  In  the  first  iDstsDce  wo  conceive  of  the 
fluid  as  containing  two  substances  — free  active  toxin  and  saturated 
and  inactive  toxin.  On  the  second  supposition  we  conceive  of  the 
mixture  as  containing  a  single  subetancG  —  an  incompletely  satu- 
rated, non-neulralized,  or  simply  an  attenuated,  toxin. 

It  is  evident  that  non-identity  in  the  composition  of  the  mixtures 
rtiouldlGod  to  a  marked  difference  in  action  ou  the  linimo}  body.  And, 
in  accordance  with  the  view  adopted  as  to  the  union  of  the  antago- 
nistic substance,  one  would  presuppose  very  different  harmful 
properties  in  a  given  fiuid.  It  is  quite  understandable,  however, 
that  a  fluid  containing  attenuated  toxin  should  be  k^  dangerous 
than  one  containing  a  certain  dose  of  intact  toxin  alon^  with  com- 
pletely neutralized  toxin.  Ehrlich's  phenomenon  would  appear 
easily  explicable  if  wc  accept  the  idea  of  a  combination  in  variable 
pro|X)rtioDfl- 

The  preceding  statement  is  evidently  schematic,  and  it  h  the 
fault  ofsuchscticmes  to  be,  in  general,  too  dogmatic.  Nor  ia  our  own 
working  hypothesis  free  from  this  criticiani.  and  should  therefore  not 
be  taken  too  literally.  For  e,^ample,  it  would  imply  that  the  union 
of  toxin  and  antitoxin  is  a  simple  molecular  union ;  it  also  of  neces- 
sity implies  that  our  two  substances  obey  the  law  of  multiple  pro- 
portions strictly  (as  that  the  dose  of  antitoxin  in  TA"  for  example, 
is  an  exact  multiple  of  that  in  TA).  As  a  result,  therefore,  in  order 
to  simplify  expression  we  may  look  on  each  substance  in  (question 
as  mie  elemental  particle,  as  one  molecule,  whith  Ls  by  definiticju 
indivisible.  It  is  c\"ident  that  our  purpose  is  not  to  determine 
whether  toxin  and  antitoxin  unite  by  a  union  of  molecules  or  by 
an  ext'hangr  of  atoms^  nor  to  fiuil  nut  whelln?r  we  are  dealing  with 
combinations  in  exactly  multiple,  or  simply  in  variable,  proportions. 
Sueh  pmblems  are  beyond  our  present  range,  and  experiment  ia 
unable  to  solve  them. 

We  are  dealing  with  a  single  idea,  and  our  schema  has  been  used 
simply  to  expre«  this  Idea,  If  the  hypotliesis  of  a  union  in  variable 
profx^rtions  is  exact,  the  essential  characters  of  the  reaction  wouki 
be  as  follows: 

I,  When,  to  a  given  amount  of  toxin,  antitoxin  is  abided  in  an 
amount  that  docs  not  suffice  completely  to  neutralize,  the  anti- 
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toxin  molecules  are  not  monopolizeil  by  certain  of  the  toxin  raole- 
culesj  whose  affinities  become  thereby  satisfied,  leaving  the  remwi- 
ing  toxic  units  intact*  On  the  contrary,  the  antitoxin  molecules 
are  shared  by  and  di^'ided  equally  among  all  the  toac  nioiecules 
present,  which  thenceforth  are  partially  saturated  and  lose  to  a 
certain  estont  their  original  toxicity, 

2.  The  phenomena  of  intoxication  cauHcd  by  injecting  tiiis 
compound  into  animals  may  not  be  the  same  as  those  produced 
by  a  mixture  of  neutralized  toxin  plus  intact  toxin, 

3.  Between  the  extremes  of  free  toxin  acd  entirely  saturated 
or  innocuous  toxin,  all  tranaitiona  or  stages  of  progressive  attenua- 
tion may  cxiat.  Each  time  that  a  mixture  of  toxin  and  antitoxin 
is  made  in  a  ^vcn  relation  the  same  degree  of  attenuation  wUl  be 
produced. 

Ehrlich,  as  we  know»  interprets  his  phenomenon  in  quite  a  dif- 
ferent way.  He  thinks  that  toxin  and  antitoxui  unite  in  fixeti  pro- 
portions. To  harmonize  his  phenomenon  with  the  law  of  fixed 
pn]portions,  Ehrlich  makes  the  supposition  that  the  compogititm 
of  U>xic  bouillon  is  very  complex;  that  it  contain;*,  indeeil,  several 
poisons:  onC]  an  active  poison,  is  the  toxin  properly  speaking, 
another,  less  dangerous  poison,  is  the  toxon. 

A  molecule  of  toxin  aljsurbs  as  niuch  antitoxin  as  does  a  mole- 
cule of  toxon.  In  thi:^  respect  the  two  substances  are  etjuivaleot- 
But  the  toxin  exceeds  the  toxon  in  the  energy  of  its  affinity  for, 
or  in  nthpr  wortls  is  mon?  avid  of,  antitoxin.  In  order  to  neutralize 
coin}>letely  a  toxic  bouillon  enough  antitoxin  must  be  added  to 
neutralize  both  toxin  and  toxon.  But  if  an  additional  amount  of 
toxic  l)ouillon  is  addcil,  the  a^lditional  t^nxin  that  it  contains  will 
seize  antitoxin  that  has  aJrea^ly  combined  with  the  original  toxon, 
and  BO  Uberate  Ibif*  latter  substance.  In  other  words,  if  to 
antitoxin  a  few  dowes  of  toxin  in  excess  of  the  projDer  amount 
for  neutrality  are  addwl  to  obtain  a  Quid  contaimng  no  free 
toxin,  there  is,  to  be  sure,  uncombined  toxon;  but  since  this  is 
relatively  harmless  the  animal  withstands  the  injection  of  such  a 
mixture- 

As  a  matter  of  fact  we  have  simplified  this  explanation  eon- 
siderably,  for  Ehrhch  has  attributed  an  extraordinarily  comphcated 
compoeiUon  to  the  toxic  bouillon  in  order  to  make  his  theory  agree 
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fully  ttith  experiment.  Tlie  cxplauatian  is  unqiiestinnably  ingen- 
ious but  the  existence  of  certain  of  the  substani-es,  particularly 
of  toxonSj  is  purely  hypothetical.  The  tjuestion,  then,  is  still  an 
open  one. 

Mode  of  Action  op  Anti-axexin  on  Alexin, 

We  might  have  exprfssfnl  the  prccpfling  elementary  itieas  some 
time  ago.  In  fact,  the>'  were  suggeste<l  to  ua  by  some  experiments 
wc  did  on  the  neutralization  of  alexin  by  anii-alexin  in  L90fl  at  the 
Panteur  Inf^tif.ulp  (Professor  Metchnikoff^s  service).  But  it  seemed 
well  to  reniJer  the  stuJy  more  complete  by  considering  the  effect 
of  certain  other  toxins  on  their  antitoxins.  We  have  not  as  yet 
been  able  to  carry  out  this  work.  We  shall  therefore  limit  our- 
scUes  here  to  a  consideration  of  the  fiicts  we  obtained  some  Ume 
ag()  so  as  tc  obviate  thi^r  future  considemtioiK 

We  may  consider,  then,  the  effeiit  of  a  suitable  anti-alexin ;  that  is 
to  say.  the  serum  (hejiteii  U^  55  to  56  degrpts)  of  an  animal  nf  sppties 
B  tbat  haa  received  two  or  three  injections  of  fresh  serum  from 
species  A,  on  the  alexin  in  the  fresh  serum  of  A-* 

Ha\1ng  mixed  these  two  antagonistic  sera  we  need  a  reagent 
capable  of  detecting  whether  or  not  free  alexin  is  present-  For  this 
purf>ose  we  use  red  blood  bells  well  sensitized  by  a  specific  hemolytic 
serum  (5-5  degrees).  We  know  that  alexin  is  absent  when  these 
cells  remain  intact. 

Such  an  ex]jeriment  naturally  comprises  a  control  mixture  con- 
taining the  same  Factors  as  the  preceding  mlxturej  but  with  heated 
serum  from  a  normal  animal  of  the  same  species  as  the  one  that 
fumiBhftl  the  anli-alexie  serum. 

As  may  be  inmgined,  our  first  experiments  are  to  determine 
whether  the  reactions  of  our  antagonistic  sera  will  give  the  "  Ehrlich 
phcnomenani "  which  is  so  difficult  to  reconcile  with  the  hypothesis 
of  neutralization  acconling  to  fixed  proportions.  In  the  following 
experiments  certjiin  procautiona  must  be  taken  to  avoid  expcri^ 
mental  error  In  the  first  place  only  a  dn^le  antitoxic  effect,  namely, 
the  one  against  the  alexin  under  consideration,  must  be  allowed  to 

•  An  snti-alexic*»rum  must  he  heated  lo  AS  degrees  to  demmy  ils  proper  alexin, 
in  0  study  of  this  sort.  The  ooly  tLkxin  in  the  txpi^rimcnt  should  be  in  tbc  form 
□f  Lfae  ictiah  aerum  of  llic  jbuinml  o^uidt  which  the  juitiscnun  is  active.  (See 
"  HpiQnljrtie  aera,  their  antitoxins,  et«,"  p.  isa.) 
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intervene.  As  sensitized  corpusclre  arc  employcti  the  anli-alrKic 
Benirn  should  be  without  effect  on  the  ecnsitizcr  us«l  for  ihoss 
corpuscles.  The  heated  normal  semm  us«l  as  control  to  the  anti- 
alc\in  or  the  sensitizer  should  have  no  particuJar  properties  and 
flhoiild  be  simply  an  inert  fluid-  And  of  course  the  abaenee  of  hcmo- 
lytie  activity  in  the  heated  sera  should  be  controlled.  The  reagent 
employed  (sensitized  red  blood  corpuscica]  should  be  added  only 
in  very  smaJl  dosea  in  order  tliat  tbe  smallest  amounts  of  free  alexin 
may  be  detected. 

To  fulfill  these  conditions  we  use  the  Following  materials:  As 
alexin,  fresh  guinea-pig  scrum  is  employed.  As  anti-alexin,  the 
heated  scrum  of  a  rabbit  that  has  been  given  injections  two  or 
three  timea  of  fresh  nurmal  guinea-pig  serum.  For  sensitised  coi^ 
puBcics  hen  red  cells  wasbed  in  salt  solution  and  treated!  ^-ith  rabbit 
>  ben  serum,  56  degrees,  are  employwl.  A^  controls  of  the  anti- 
alexin  and  the  eensitiaer,  nomml  rabbit  serum,  55  to  5G  degrees. 

In  short,  the  toxin  (alexin)  is  from  the  guinea-pig.  The  other 
aera  (aJititoxin,  senwitiatT  and  control)  are  all  from  the  mbbit  and 
have  no  effect  on  one  another.  No  accessory  reactions,  tlierefore, 
should  destroy  the  accuracy  of  the  experiments 

The  strength  of  the  anti-alexin  is  first  defineil  by  the  following 
ex[>eriment : 

Tub*  fl_  AJeiin,  0.2  of  a.  cubic  centimeter;  anti-aleiin  (55  dngreeo),  0,3  of  ft 
ouhic  c^ntimolcr. 

Tube  b.  \\'3:i'm,  0.2  of  a  cubic  ceotimeter;  Qonual  rabbit  flonmi  (55 dt^rwa), 
0.3  oT  a  cubic  ceatimeler. 

An  hour  or  two  later  0.2  of  a  cubie  centimeter  of  seasitizer  (serum 
rabbit  >  hen,  56  degrees)  is  abided  to  each  tube  and  then  one  drop 
of  washed  hen  blood.  The  corpuseles  are  hemolyzed  in  20  minulos 
in  "ft,"    There  is  no  hemolysis  in  "a,"  even  on  the  Following  day. 

This  lack  of  hemolysis  in  "a*'  may  be  shown  to  be  due  solely  to 
a  neutrahaalion  of  the  alexin.  The  sensitizer,  present  in  relatively 
large  amount  in  reppeet  to  the  corpusclefl,  is  unaffected  * 

Tube  a-     ScneitiacTH  0,1  o,c;  ontI-abxin.3c,c;freah  rabbit  scrum  (alexin),  2  c.e. 
Tube  b.     Snin?  as  "a.'^  witL  2  cc,  nuniULl  rubblL  scrum,  55  clc^i^ea,  rcpbtciag 
th«  anti-slexip. 

•  Thi*  IB  fihowa  by  replanin^  the  guinea-pig  nlcxm,  whEch  is  epecificaily  afTeded 
bjtheaDli-aLexiD,  by  aootber  alciiQ,  eoy  from  the  rabbit,  onwbicb  tbe  onli-alexin 
Ma  no  effect- 
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Tube  c.  Rfibbit  oleum  2  cc;  norms]  rubbit  Berunjp  55  d^recH,  2  c-c>  [Sune 
OA  "b"  wilhotil  fiongiliiorj 

To  each  lube  is  added  one  drop  of  Jicq  blooj,  Hemolysia  occure  rapidly  in  "a" 
and  "6-"*  ll  is  naly  partiul  in  "c"  afLur  3  hi>ura.  It  l<3  eviiiuiiL,  Liien,  Unit  (he 
viti-alexin  can  have  na  elfvct  on  Lhi?  BensitiEer,  which,  in  the  experiiaeM .  b  only 
onc-tneatictb  of  the  volume  oF  the  antjH^nlEn.  It  ii^cvideni',  tCK>,  Cliub  IhG^jcnj^ilUcr 
bcLh  pQcrg^iicalLy  dthou^h  pre,H«Tit  in  E^omlt  amount  and  lUluicd  iji  4  ex.  uf  fluid. 
In  Lhe  reat  of  Ihpnrt  lok*,  for  the  siilce  of  timplidty,  th<»fie  control  enperiniertH  need 
Dot  be  insisted  on  in  each  InataDcc- 

We  Iln?n  (iHi'miine  tho  potency  of  the  anti-aloxin.  For  tliifi 
puqioNe  varying  aiiumots  of  alexin  (say  from  0.05  to  1.2  ci.c.)  are 
atldeii  to  a  constant  volume  (0.3  of  a  cubic  centimeter)  of  anti- 
alfxic  or  of  nonnal  serum  (55  degrees).  The  following  tubes  are 
prepared: 

A_    Tubes  containing  0.3  of  a  cubic  centimeter  of  anti-alexin: 

a,  Akxin,  0.0h5  ex.;  b.  Alexin,  0.1  ce.;  c.  0.2  c.e.;  d.  0.3  c-c; 
e.  0-4  e-*?.;  /  0.5  c.c:  g.  0.6  i-.c-r  h.  0.7  ex.;  i.  O.S  t^.c-;  /.  0.9  c.fi-; 
L    K2c.e. 

B.  Same  as  preceding  tubes,  with  heate<]  nonnal  mbbit  fjenira 
(non-anti-alexie)  replacing  anti-alexin. 

To  each  tube  is  then  addei.l  0.2  of  a  cubic  centimeter  of  sensitizer 
and  an  hour  later  one  drop  of  a  .suspension  of  hen  corpuscles  in 
NftCI.     The  mixtures  are  kept  at  room  temperature  (IS*  C.)- 

In  the  tubes  that  do  not  contain  anti-alcxin,  hemolysis  takes 
place  rapidly  in,  s&y.  15  minutes  in  those  tubes  containing  most 
alexin,  and  in  30  minutes  in  the  one  with  the  smallest  amount- 
Consequently  0.05  of  a  cubic  centimeter  of  alexin  rep  resents  the 
minimal  close  for  hemolysis  in  a  half  hour,  wJiich  may  ix-  taken  as 
a  imit.  We  may  add  that  the  dilution  of  this  small  amount  of 
alexin  in  licatKl  senmi,  one  volume  of  alexin  in  ten  of  heateil  serum, 
for  the  sake  of  metG^uration  has  no  effect  on  its  activity. 

We  may  now  consider  tha  tubes  containing  anti-alexin.  Let 
us  consider  first  the  final  reading,  say  on  the  following  day,  in  order 
to  allow  for  the  maximal  action  of  the  smallest  amounts  of  free 
alexin.  On  the  following  day  hemolysis  is  complete  in  the  tubes 
containing  0,5  of  a  cubic  centimeter  or  more  of  alexin;  it  is  partial 
in  the  0.4  e.c.  tube  and  slight  in  the  0,3  c.c-  tube.  Twotenths  of 
a  cubic  centimeter  or  less  shows  no  hemolyafl: 

It  may  be  noted  that  such  results  argue  somewhat  against  the 
hypotheda  of  a  oombination  in  fixed  proportion.    If  there  is  slight 
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h&molysls  in  tubo  "d,"  it  ie  due  to  an  almost   negligible  trace 

of  hue  alexin;  the  next  mixture,  "^e,"  whiub  contaiiis  Iwd  a^lili- 
tional  niinimai  closes  of  alexin,  should  show  cotaplcto  hemolysin  but 
actually  ilot^  ehow  only  partial  heniolyas,  Ehrlich's  phonomccon, 
then,  is  present,  but  is  not  well  marked.  It  is  also  to  be  noted  that 
a  volume  of  onti-alcKin  equal  to  that  of  the  alexin  must  be  used  in 
order  to  protect  corpuscles  effect ivcly. 

The  moat  interesting  results  arc  evident  soon  after  the  mixtures 
are  ma^le,  and,  if  the  moment  when  hcmolyf^is  is  complete 
13  noted.  Ehrlichia  phenomenon  b  then  very  striking.  The  mix- 
ture of  L2  c-c.  of  alexin  and  0.3  of  a  cubic  centimeter  of  anU- 
alexin  should,  accoRling  to  the  hypothesis  of  neutralisation  in 
fixed  proportions,  contain  0-3  of  a  cubic  centimeter  of  neutralized 
alexin  and  0.9  of  a  cubic  centimeter  of  intact  alexin.  In  such  a 
mixture  heoiolysis  is  complete  only  after  70  minutes,  which  h  at 
least  twice  as  long  as  is  required  in  a  mixture  containing  a  single 
fatal  dose  of  ale?an  without  antitoxin.  Hemolysis  is  complete  in 
this  latter  mixture  befort*  it  Ix'glns  in  the  fonuer. 

In  mixtures  of  arili-alexiii  with  dosew  of  alexin  from  0.4  to  0,9 
of  a  cubic  centimeter,  airpuscles  are  eventually  heinolyzed,  the 
rapidity  in  be^miing  and  cmn|iletion  of  the  |>rocess  varying  directly 
witli  the  amount  employcil.  For  example,  although  hemolyf^ia  19 
complete  in  70  minutfS  in  a  tube  with  L2  e.e_  of  alexin,  there  is 
none  at  this  time  with  a  dose  of  0.9  of  a  cubic  centimeter 
("jy"),  -h  hours  being  necessary  for  complete  hemolysis,  and  at 
2J  hours  hemolysis  U  only  partial  in  tube  "^/'  ha^  barely  begun  in 
tube  *^/i,"  and  so  on.  In  short,  the  time  necessary  for  the  liberation 
of  hemoglobin  varies  indirectiy  with  the  amount  of  alexin  employed- 

The  experiment  shows  that  a  dose  of  anii-ale^in  that  can  com- 
pletely Jieutralize  G  fatal  doses  of  alexin  (one-half  hour)  will  cheek 
24  fatal  doses  to  such  an  extent  that  the'j  pwdnce  le^s  rapid  hemofy- 
sis  than  a  airufle  unaffected  faial  do^e.  It  ia  impossible,  therefore, 
to  ime^ne  that  anli-alexin  addal  to  a  large  dose  of  alexin  completely 
neutralizes  part  of  it,  leaving  the  cxeese  free:  such  raixlures  do  not 
Ehct  at  all  as  do  simple  dilutions  of  alexin, 

Anti-alej^iTi  affects  ait  the  alenn  present  ajualitfj  in  SbCCordamc  vnlk 
a  law  of  varying  proportions,  as  has  just  been  fully  explained. 
Ehrlich'B  explanation  for  diphtheria  toxin,  presup|>osing  the  odst- 
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ence  of  toxoog,  wiU  m»t  explain  the  rwtilti^  just  considered,  Thw 
is  eviilt^nt  ID  conskleriiLg  Uit  jjroin»rlkiiis  of  wra  enipbyed,  the 
tact  that  the  minimal  doye  of  alexin  (0,05  cc.)  is  strongly  hemolytic, 
apd  the  fact  that  the  time  necessary  for  the  appt'arance  of  hemoly- 
sis decreases  regularly  and  gradually  with  the  amount  of  alexia 
employed. 

The  conclusion^  then,  is  that  each  of  the  alexin-aotialcxin  mix- 
tures forms  a  new  substance  or  complex  containing  neither  of  the 
antagonistic  substances  in  pure  state,  but  "depending  for  composition 
on  the  relative  proportion  of  oaeh  subfstance  employed-  The  com- 
plex is  different  in  each  successive  mixture,  being  more  or  less  toxio 
in  accordance  with  the  degree  of  saturation  of  the  toxin  by  the 
antitoxin.  The  anti-alexin  attenuates  the  alexin  until  it  com- 
pletely neutralizes  it  if  the  dose  is  sufficient. 

It  follows  from  this  experiment  that  it  ia  impossible  to  prepare 
an  exactly  neutral  mixture  of  alexin  and  anli-alcxin,  that  is  to  aay, 
a  mixture  that  is  aljsoLitely  non-toxic  and  non -anti toxic,  Thia 
conception,  to  besure,  is  not  novel,  but  is  simply  a  restatement  of 
Khrlich's  phenomenon.  Take,  for  example,  a  mixture  containing  a 
moderate  dose  of  alexin  {'"/'*  or  '"g")  in  addition  to  the  anti-alcxin- 
Such  a  mixture  ia  toxic^  since  the  corpuscles  finally  hem olyzc. 
It  is  ai^o  antitoxic,  since  similar  mixtures  containing  the  same 
amount  of  anti-alcxin,  but  more  alexin,  are  simply  hcmolyzwl  more 
slowly.  Such  a  rcault  is  a  corollary  to  the  idea  of  a  combination 
in  variable  proportions,  according  to  which  a  whole  series  oF  degrees 
of  progrer^^ivc  attenuation  between  an  active  toxin  and  a  neutral- 
ized toxin  may  be  formed. 

Tlie  proof  that  such  a  mixture  contains  a  distinct  arti-alexic 
po\\'cr  in  addition  to  a  real  toxicity  lies  in  comparing  it  withoMniilar 
mixture  containing  a  little  more  alexin,  in  which  case  hemolysis 
is  very  slow-  A  more  direct  proof  might  be  preferable,  \Vc  may 
prepare  such  a  mixture,  supposed  to  be  at  once  toxic  and  anti- 
toxic, by  mixing  0.3  of  a  cubic  centimeter  of  anti-alexin  with  0.5 
of  a  cubic  centimeter  of  alexin*  Aa  a  control  a  mixture  of  the 
same  amounta  of  non-antialexic  serum  (normal  rabbit  ?crum,  36 
degrees)  and  inactive  alexic  scrum  (r56  degrees)  is  prepared-  Two 
or  three  hours  later  a  little  active  alexia  (0.1  c.c.)  is  abided  to  each 
*  In  such  oa  Inataiicc  bcmol^&b  tekca  place  after  several  houra. 
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tube.  It  may  be  presapposed  that  thia  substance  will  be  distinctly 
atteouateJ  in  the  first  mixture,  auJ  such  proves  to  ]x  the  case 
although  the  HMult  is  not  very  jitriking.  If  ^elIsiti^Ld  heu  cor- 
puscles are  subsetjiienUy  arjfl(?d  tii  these  tubt^,  hiiinolyfi!:^  is  rnon- 
rapiii  in  Uie  roiitrnl  than  in  the  first  tube.  alLhougli  Ihi.'  Jiffercrn^e 
is  not  extremely  marked-    And  why? 

The  6rst  mixture  contains  in  addition  to  the  anti-alexrn  a  total 
of  O.Ct  of  a  cubic  centimeter  of  alexin  addefl  hi  two  .succe*«ive  frac- 
tions. A  comparison  of  the  hemolytic  power  of  tliis  mixture  with 
that  of  a  mixture  cont,aining  0,G  of  a  cubtc  centimeter  of  alexiu 
allele*!  in  a  single  dose  is  interesting, 

\Vc  prepare,  then,  liquid  A,  conLninlng  0.3  of  a  cubic  centimeter 
of  an(i>alexin  plus  0.5  of  a  isiiblc  centimeter  of  alexin.  Three  houra 
later  wg  add  0.1  of  a  cubic  centimeter  of  alexin  to  it  and  at  the 
same  time  prepare  mixture  B,  which  contains  0,3  of  a  cubic  cen- 
timeter of  anli-alexin  plus  O.fi  of  a  cubic  centimeter  of  alexin.  We 
then  add  to  each  mixture  0,2  of  a  cubic  centimeter  of  rabbit  > 
hen  sen.'^ilizer  and  an  hour  later  two  drops  of  hen  blood  to  each 
tube.  Hemolygis  requires  an  hour  in  tube  A,  and  an  hour  an<I  three 
quarters  in  B.  Ad  anti-alexic  sonim  then  neutralizes  a  ^iven 
dose  of  alexin  better  when  it  m  gAi\&\  all  at  once  than  when  it  is 
added  in  succctft^ive  fmctioas.  This  experiment  recalls  the  one  la 
which  r^\  blood  corpuscles  are  a<ldcd  to  a  hemolytic  scrum  cither 
ail  at  once  or  in  divided  doses. 

In  a  mixture  of  alexin  with  anti-alexin  the  latter  eubf^tance 
ia  uniformly  distributed  over  all  the  alexin,  and  all  the  toxic  mole- 
cules are  equally  ra;xli[ied,  the  composition  of  the  mixtures  is  homo- 
geneous. But  if  we  subsequently  odd  more  alexin  to  such  a  mixture 
it  lends  to  remove  the  antitoxin  from  the  combination  into  which 
it  has  entered,  tends,  in  other  wonlst  to  break  up  its  established 
distribution.  For  example,  if  the  original  complex  la  TA',  the 
addition  of  another  T  would  lead  to  form  2TA.  But  eince  the 
combination  TA^  h  alrewly  formed,  a  new  reaction  (i.c„  removal 
of  the  anti-alexin  from  the  complex)  is  somewhat  difficult  to  bring 
about,  and  the  additional  doi*e  oF  alexin,  in  consequence,  is  not  read- 
ily aUeuiiateil.*     In  oLher  wonls,  TA'  tiop^i  not  give  a  part  of  ila 

*  If  ilII  ih«  &loxia  had  beea  AdJttd  at  oaca,  Ibe  aomplajc  TA  would  of  cuune 
have  been  formed- 
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antitorfn  unresistingly.  The  difficulty  in  euch  a  reflction  naturally 
depeads  on  the  toxins  and  antltoKiri,^  under  consideration  *  and  it 
13  probable  that  the  stability  of  the  complex  will  vary  in  differcat 
instances.  If  the  complex  13  very  stable,  an  additional  T  will  remain 
intact;  on  the  other  hand,  it  ia  readily  attenuated  when  tbe  complex 
13  unstable. 

It  would  H^ccm  quite  evident  from  a  recent  experiment  of  Hor- 
gcnroth'st  that  these  various  possibilities  may  well  exist. 

This  investigator  sensitized  wcll-waf^hc<!  reil  blood  cella  with 
their  epecific  scrum  (55  degrees),  ccntrifugaUzed,  removerl  the 
supernatant  fluid  and  washeil  the  corpuscles  several  timefi  in  salt 
solution.  The  resulting  seui^itized  corpuscles  were  suspended  in 
a  medium  that  contained  no  free  sensitizer.  To  such  a  suspension 
he  then  added  normal  unsen&itized  corpuscles  of  the  same  sort. 
If  alexin  in  moderate  amount  is  immediately  added  to  such  a  mix- 
ture, only  part  of  the  corpuscles  arc  dcstroyeiJ,  namely,  only  those 
that  were  sensitized.  But  if  some  time  elapses  before  the  alexin 
U  added,  all  thr  corpuscles  are  heraolyzed  indi^criminuteJy.  Mor- 
genrotli  very  properly  draws  the  conclusion  that  (he  normal  cor- 
puscles are  able  after  a  certain  interval  to  remove  a  certain  amount 
of  sensitizer  from  the  sensitized  corpiLsclee.J  In  other  wtirrls,  a 
change  in  distribution  of  the  sensitizer  analogous  to  the  change  in 
distribution  of  the  anti-alexin  in  the  preceding  exjwriment  has 
taken  place. 

It  is  evident  that  tht;  cnniplpx  fonneil  by  the  union  of  the  sen- 
sitizer with  the  fixing  substance  of  the  cell  (which  may  be  designated 
C3')  gives  up  a  part  of  its  sensitizer  to  other  cells  rather  easily  and 
beennieSf  say,  CS.  In  this  instance  the  complex  ia  rather  unstable. 
We  may  compare  tills  result  with  the  one  noted  at  tfie  beginning 
of  this  article,  which  dealt  witli  the  cfTcct  of  adding  alexin  in  a  single 
or  in  divi<ic<l  tlosus  to  >iensiUzeii  cells,  in  which  inslartee  the  com- 
plex ''cell-serLsitiKer-ftlexin"  (or,  beLter,  ytroma-alexin)  i^  remark- 
ably stable.     Destroyed  blood  cells  laden  with  alexin  do  not  yield 

*  And  Even  with  jl  givi>n  toxin  and  antilorin  tli«  more  or  \esa  r^omplete  HatiirO' 
tioa  of  the  complex  inuflt  be  cooaidercd.  A  comploic  TA*  would  probably  givQ 
up  its  antitaxin  more  reaidil;  tbao  doea  TA^. 

t  Mflnch    m^.  WochpiLschnfC.  UKB,  No   2. 

I  It  IS  s.Ibo  quito  proLiublo,  as  Uor^arotli  fltdtes,  that  tho  fluid  eervoa  atf  a 
medium  ol  poaaafc  for  the  eeDsitifior  Front  oae  cell  (o  Itu  otbcr. 
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it  to  other  coq^ii^cles  even  wheo  they  are  strongly  sensitized.  This 
justifies  the  preceding  remarks  as  to  the  varying  stability  of  com- 
plexes obtained.* 

It  is  evident  that  for  those  reasons  and  from  these  exporimenta 
we  believe  in  the  hypothesis  of  a  combination  in  variable  propor- 
tions. It  is  well,  however,  to  verify  this  hypothcaifl  in  its  more 
importaot  bearings* 

Two  different  etaodpoints  may  be  aasumed  in  determining  the 
toxicity  of  any  poisonous  subiitance.  Jn  the  first  place  an  estima- 
tion of  the  strength  of  a  poison  may  be  made  by  determining  how 
many  cells  or  what  weight  of  aninial  it  will  destroy.  On  the  other 
hand,  the  toxicity  in  relation  to  the  time  necessary  to  accomplish 
a  given  result  may  be  determined. 

In  considering  a  mixture  of  alexin  and  anti-alexin,  let  us  mix 
0-3  of  a  cubic  centimeter  of  anti-alexin  with  1.2  c.c.  of  alrxin 
(guinea-pig).  This  1.5  c.c,  of  fluid  (A)  contains,  according  to  our 
hypothesis,  only  attenuat«i  alexin,  and  only  slightly  attenuated  at 
that,  as  the  dose  of  anti-alexin  is  small.  In  other  words,  the  anti- 
alexin  has  not  neutrahB&l  part  of  tht  alexin  and  left  the  rest  un- 
altered. We  have  then  to  deal,  not  with  a  simple  quantitative 
diminution  of  the  alexin^  but  with  a  complex  that,  as  a  whole,  is 
leas  toxic,  in  that  it  hemolyzes  even  a  small  dose  of  corpur^clea 
remarkably  siowly. 

Since  all  the  alexin  has  been  traasformeil,  but  none  of  it,  properly 
speaking,  deslroyeil,  and  since  we  are  deaUng,  not  with  a  quanlita- 
tive  diminution,  but  with  a  TiioilificaEion  of  the  totality  <jf  alexin, 
it  is  conceivable  lujw  the  niixture  can  tiestroy  a  relatively  consider- 
able amount  of  red  blood  ceHs,  although  the  hemrilysig  may  be  slow. 

*  An  idea  ol  M.or^tntotWa  pEiCDom(!Doii  niay  ht  gained  froni  a  certain  etaining 
phenoiatiuoQ  tint  would  appeur  Ju  a  ruu^tt  wuy  to  he  QUggtdCivoly  aoalitgaiu. 
We  pltLCe  about  half  of  a  strip  of  filter  paper  it  the  bottom  ol  a  cryalallivlac;  diab 
and  pour  over  it  a  lilUe  solutiou  of  mcifciylctie  blue.  Id  a  sUort  time  the  paper 
removfaall  llieculorfrnmLbeflultJ-  Wn  ibnn  lake  iwamc^biL^uP  Glierpap^r  and 
place  one  ol  them  (A)  at  the  bottotn  of  the  dish  imi  tfia  oilier  (B)  very  near  tbe 
OTigitUiL  atrip  tbal  hoa  bcca  lyin^  (n  the  aolution  aud  that  Haj  ab9r>rl>ed  the  bJue. 
Care  ia  takeo  that  B  does  tnji  ocluuUy  toiith  tlie  L>r]^iEUiI  papur.  B  aouc  becomda 
more  colored  than  A.  The  tirat  etrip  is  dccoloraod  at  the  point  ncorost  to  B, 
The  dlatributioD  ot  color  beLwcen  llti^  original  ttrip  and  D  tenda  to  homo^eiteity, 
as  dofa  the  wnsiiizer  m  Moreenrotb'a  expenment  lend  to  be  equally  fihared  by 
aU  tba  cells  praseot. 
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We  may  now  compare  mixture  A,  that  contains  tmwh  atlettuaied 
alerin,  with  a  second  luixtiire  B  having  the  same  vdume.  but  a 
different  conHtitutiun.  This  setrund  mixLurf?  ha>  been  obtaineil  by 
abiding  a  venj  ^mall  aimtunt  of  normal  alexin  !o  an  inacitive,  cer- 
tainly not.  aiiti-alexir  serum  (normal  guinca-jiig  or  rabbit  serum, 
55  degrees)-  The  mixture,  then,  is  a  simple  dilution  of  active  alexin 
in  an  ifjert  fluM.  For  esatnplt',  R  inay  Ix'  a  mivlureof  0.3  <»r  a  cubic 
centimeter  of  hrate^l  normal  rabbit  j^erum  \j\ihyO.I  of  a  i^ubic  cen- 
liraeter  of  alexin  dilutHJ  in  l.l  cc.  of  tho  same  serum  heated  to 
55  degrees. 

It  is  evident  that  small  amounts  of  sensitized  hen  corpuscles 
added  to  mixture  B  will  be  rapidly  destroyed  owing  to  the  presence 
of  the  active  alexin.  But  since  the  amount  of  tfiia  alexin  \s 
rt'latively  mL-oJUiiderabk-j  it  is  evident  that  if  mudi  sensitized  blood 
\a  added  hemolj-sis  even  on  long  stamling  will  be  only  partial. 

As  will  be  suspected,  the  two  mixtures  A  and  B,  containing  eaoh 
the  same  volume  and  both  capable  of  protiucing  hemolysis,  are  in 
reality  endowed  with  very  different  properties.  If  the  hL*molytic 
property  of  the  mixtures  is  estimated  by  means  of  a  small  dose  of 
sensitizetl  corpuscles,  e.g.,  one  drop,  B  will  appear  more  at^tive  than 
A;  that  ly  to  say,  it  u'ill  hemolyne  a  few  corpuscli.^  more  rapidly. 
But  the  op|>osile  rei^ult  will  be  obtainc^i  if  the  hemolytic  power  ia 
measured  by  the  total  amount  of  corpuf^cles  that  each  will  destroy. 
For  exampleT  if  a  large  dose  of  senMitizwl  blood  is  a<lded  [say, 
1. 5  c.c.)  on  the  following  day  it  will  be  found  that  mo.st  of  the 
corpuseles  in  B  are  intact,  whereas  all  the  corpuscles  in  A  are 
hcmolyzetL  In  other  wonls,  the  alexin  is  f|uantiiativoly  greater 
in  A,  anil  f|uahtaiively  more  active  (rapidity  of  action)  iu  B. 

These  experimental  results  agree  with  our  hypothesis.  It  is  no 
longer  possible  to  assume  that  an  insudicicntly  neutralising  dose  of 
anti-alexin  cimngts  alexic  serum  to  a  mixture  of  perfectly  neutral- 
izi^i  and  of  intact  alexin.  If  it  were,  the  resultant  fluid  would  be 
simply  a  dilution  of  normal  alexin  in  a  certain  amount  of  inert 
fluid,  In  other  words,  a  mixture  identical  with  B. 


It  would  not  be  legitimate  to  draw  too  generallaed  conclusions 
from  these  experiments  on  ale^dn  and  anti-alexin :  the  further  study 
of  various  toxins  and  antitoxins,  from  the  point  of  view  of  method 
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of  combinationj  is  nefiessary.  We  may,  however,  note  thai  certain 
well-knfjwn  bitherUi  pjiigmati*"  (iU^ts  bet^orue  eai^Uy  explicable  on 
the  hypotbesis  of  union  in  variable  proportions.  One  or  two  exam- 
ples may  be  given: 

It  has  been  noted  (particularly  with  tetanus)  that  a  toxin-auti- 
toxin  mixture  that  is  harmle^  for  an  anirusJ  of  species  A  shows 
G\'ident  toxicity  for  an  animal  of  species  B.  Instances  of  this 
sort  hflvo  been  ineniioneii,  particularly  by  Buchner  and  by  Roux 
and  Vaiilard.  Such  apparently  peculiar  r'suUs  aro  an  almost 
necessary  corollary  to  our  hypothesis.  A  mixture  of  toxin  with 
even  a  weak  dose  of  antitoxin  contains  no  primitive  toxin,  but  in 
its  place  an  attenuated  toxin,  a  new  complex  en<iowe(i  with  in- 
dividual characteristics,  and  it  wiO  not  necessarily  act  in  the  same 
manner  on  different  aDimals-  It  is  reasonable  to  anticipate  that 
its  toxic  power  will  be  eo  attenuated  as  to  proiluce  no  trouble  with 
certain  animals,  but  diatiact  effect  on  others;  why,  indeed,  should 
they  all  react  alike  to  this  new  compound?  It  is  oven  ihcorclically 
conceivable  that  completely  f^aturated  toxin  should  |X)ison  certain 
species  or  certain  individuals.  Aeeonling  to  our  conception  there 
is  no  sharp,  radical  dlffereace  between  attenuation  and  neutralisa- 
tion of  a  toxin,  or,  in  other  words,  there  is  no  absolute  neutraliza- 
tion. There  is  simply  a  greater  or  less  degree  of  attenuation  in 
accor^lancc  with  the  more  or  less  complete  saturation  of  the  toxin 
by  antitoxin.  This  saturation  m  often  practically  equivalent  to 
a  neutralization.  The  expression  "neutralization"  implies  that 
the  toxin  has  become  irrevocably  inactive  for  very  sensitive  animab 
owing  to  a  radical  abolition  of  the  substance  that  renders  it  to.xic. 
With  such  complete  neutralization  the  degree  of  a  given  animal's 
suaceptibdity  ia  not  a  significant  factor  in  the  result.  When, 
however,  an  apparent  neutralization  is,  in  reality,  onlya  very  marked 
attenuation,  the  degree  of  suaecptibility  must  be  taken  into  account, 
as  the  attenuation  may  be  very  marked  as  far  an  animal  A  is  con- 
cerned, but  very  httte  for  animal  B,  The  conception  of  variation 
in  attenuation,  then,  must  constantly  take  into  account  the  relation 
between  the  sensitivity  of  the  animal  body  and  the  harmful  nature 
of  the  substance  under  consideration. 

It  is  quite  c<»mprehcnsible,  then,  how  a  mixture  that  is  rich  in 
antitoxin  (i.e,,  with  the  toxin  well  saturated)  and  inoffensive  for 
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hoflJlhy  amnmls  may  yet  be  J&ngcrous  for  animals  that  are  weak- 
ene<i  and  so  rendered  ixioro  aenaitive.  It  may  be  poeeible  to  ex- 
plain in  this  manner  the  intoxication  by  means  of  diphtheria  toxin 
of  animala  that  are  actually  producing  active  diphtheria  anti- 
toxin. Although  the  modification  of  toxin  is  still  going  on,  the 
animal  may  have  become  very  sensitive  to  even  a  saturated  toxin, 
which,  of  course,  is  without  effect  on  normal  Animals.  The  sua- 
ccptibility  of  guinea-pigs  immunized  against  the  cholera  vibrio  to  a 
tetanus  toxin-antitoxin  mixture  (Roux  and  Vaillard)  is  apparently 
another  example  of  this  fact.* 

A  relatively  amall  amount  of  anti-alesin  suffices  to  protect  normal 
unsenaitized  corpuscles  from  alexin,  but  a  large  amount  Js  necea- 
sary  to  protect  senaitJzed  blood  cells.  Aa  Morgenroth  and  tJachst 
have  already  shown,  more  ajiti-alexin  la  necessary  t<)  protect  heavily 
ficnsitiBed  corpuaclea  than  slightly  aensitiacd  ones;  in  other  words» 
the  toxicity  of  the  alcxin-antialexia  complex  depends  on  the 
strength  of  the  sensitization. 

This  leads  us  to  a  conside-ration  of  results  obtained  by  investi- 
gators on  the  injection  of  a  toxin  that  is  partially  neutralized  by 
antitoxin.  As  we  know,  such  a  substance  is  simply  attenuated 
toxin,  inoffensive  for  certain  animals,  but  distinctly  harmful  for 
others.  Dryer  and  Matlsen  have  shown  that  such  an  inrorn- 
plelely  saturated  mixture  of  diphtheria  toxin,  which  ls  quite  in- 
nocuous for  the  guinea-pig,  proilucc;*  relight  symptoms  (etlemaj  etc.) 
in  the  rabbit.  The  t<5xirit.y  nf  such  a  mixture  luighL  be  inrreased 
by  varying  the  respective  amounts  of  the  antagonistic  sul*;taiices 
and  ho  preparing  a  slightly  k^s  attenuat&l  mixture.  Under  &;uch 
conditions  an  aniiiial  tliat  had  only  shown  edema  w^oukl  show 
distinct  poisoning.  Such  results,  indeed,  were  obtained  by  Dryer 
and  Madsen- 

These  investigaf^nx  consider  that  such  incompletely  saturated 
mixturescontainonly  toxon,  that  is£osay,adifTerent  and  less  aclJve 
substance  than  the  true  toxin.  This  toxon  seenia  to  us  to  be  simply 
our  uouiplev — toxin  incompletely  saturated  with  antitoxin.  Sucb 
a  [:mii|>lex  \u\s  all  the  characteristics  attributed  to  toxons:  it  is  by 
definition  less  toxic  than  free  toxin  and  also  less  avid  of  antitoxin, 

•  I^ucti  iiiintunja,  i>f  n>utHt\  aa-  iiitmlivi'  lot  mtuii^il  j^uinei-pigs, 

t  Bee  dtudi<»  on  Immuaity,  Ehriict^HoldLiAQ,  John  Wilc>  and  Sods,  p.  ^50. 
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dnce  its  affirdty  for  it  ia  already  partially  satisfied.  It  is  evidently 
related  to  toxin  as  far  as  origin  and  com[)osition  are  concerned, 
but  still  is  a  new  substance  and  therefore  gives  rise  to  different 
symptonos  than  a  small  amoimt  of  diluted  toxin.  Since  it  contuns 
the  toxic  radical  its  injection,  of  course,  leads  to  formation  of  anti- 
toxin. For  Dryer  and  Madsen  have  shown  that  antitoxin  can  be 
produced  by  injections  of  the  substance  they  call  toxon  • 

We  may  add  further,  since  wo  consider  the  existence  of  toxons 
as  distinct  substances  as  improbable,  that  we  do  not  wish  in  any 
way  to  cast  doubt  on  Ehrlich's  results  as  to  the  spontaneous  weak- 
ening of  toxins  by  conservation  and  the  corresponding  formation  of 
toxoids  from  them.  We  regard  the  effect  of  antitoxins  simply  afl 
one  factor  in  the  attenuating  of  toxins,  but  there  may  well  be  others, 
such  as  oxygen  and  light,  the  exact  effect  of  which  is  not  well 
determined,  although  their  weakening  action  on  toxin  is  well 
defined. 

•  Zeitficbrift  f.  Hygiene.,  XXXVIl,  1901. 
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Bt    DR,    JULia   BORDET- 

One  of  the  most  irnporta.iit  problFins  in  thti  study  of  immiinity, 
antJ  il  must  tx?  coufc.»sse(J  one  of  thu  most  difficult  of  solution,  la 
the  i>pe<;ifieity  of  sc^ruio.  The  problem  U,  of  necesMiLy,  (^omplex. 
We  have  known  for  some  time  that  the  antibodies  of  immune  sera 
are  specific  in  the  eenfie  that  Lliey  affect  certain  substances  and 
do  not  affect  others.  But  in  addition  to  this  specificity  of  action 
we  apparently  must  recognize  aspecificity  of  origin.  For  example, 
a  given  sensitizer  (amboceptor  or  fixateur)  should  be  designated, 
not  only  in  rei^pect  to  the  blood  corpuscles  or  bacterium  that  it 
attacks^  but  also  in  respect  to  the  animal  species  that  has  formed  it. 
Two  sensitizersj  both  active  Eigainst  the  cholera  vibrio,  but  derived 
in  one  case  from  the  rabbit  and  in  the  other  from  the  guinea-pig,  do 
not  act  exactly  Edike  under  all  circumstances;  the  same  statement 
holds  for  antitoxic  eera.  We  know,  for  example,  that  the  duration 
of  a  passive  immunity  given  by  a  preventive  serum  varies,  depend- 
ing on  whether  cho  eeruio  is  derived  from  the  same  species  as  the 
recipLcnt  or  from  an  alien  species. 

A  study  oF  anliscositiaers  is  particularly  useful  as  throwing 
light  on  the  specificity  of  sera,  and  particularly  as  to  whether  this 
apecificity  is  aa  absolute  as  would  appear.  It  would  seem,  a  priori, 
reasonable  to  suppose  that  the  law  of  apecificity  should  be  moat 
evident  in  dealing  with  these  antisensitizcrs  or,  more  generally 
speaking,  in  dealing  with  anti-antibodics>  In  thid  instance  we 
deal  with  substances  that  arc  not  only  antibodies,  but  are  specific 
both  as  regards  action  and  origin.  It  would  seem  rcaj*onablc.  then, 
that  they  should  afford  the  moat  notable  and  instructive  instances 
of  specificity. 

*  Lm  propri^t^s  dea  unUsam^hWia&tncea  et  lea  Ib^ries  cbimiquei  de  I'icaiau- 
ml«.     Annaba  dc  lluMklLit  Pasteur,  X\1U,  TJOl,  £ll3. 
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AntbensitiacrH  loay  be  ^lemonstrated  in  tin?  bloocl  of  the  anirnala 
that  have  been  vaociDftted  againiit  a  hcniolytit  scrum.  FoUowiug 
the  work  of  Camus  and  Gley  anU  KosscI  on  the  antitoxin  to  eel 
serum,  wc  demonstrated  in  1899*  that  the  injection  of  an  animal  of 
apcciea  A  (rabbit)  with  the  scrum  of  epccici^  B  (hen)  gave  rise  to 
a  property  in  the  acrum  of  A  that  neutralizes  the  hemolytic  effect 
of  scrum  B  on  the  corpuaciea  of  A,  and  we  later  studied  in  detail 
the  properties  of  aueh  antiheraolytic  sera.  On  injecting  rabbits 
with  specilic  hemolytic-  serum  from  guin<;a-pig3  immunized  against 
rabbit  blood  we  found  that  these  rabbits  formed  an  antiserum 
that  would  inhibit  the  hemolytic  effect  of  the  specific  guinea-pig 
serum»  and  that,  strangely  enough,  acted  against  both  substances 
necessary  in  hemolysis^  In  other  words,  it  destroyed  the  charac* 
temtie  sensitizer,  uml  was  also  antiLoxie  for  guinea-pig  alexin 
(anii-alexic  pmperty).  On  account  of  its  anti-alexic  property  this 
aniiserum  protected,  not  oniy  rabbit  corpuscles,  but  also  other  sen- 
sitized cells,  against  guinea-pig  alexin.  For  exaraple,  it  was  found 
that  senriitiaed  cholera  vibfiox  (treated  with  heated  ehiilera  st^rum) 
could  he  Jiubjected  k^  fresh  guiaea-[ag  serum  withmjt  showing 
granular  disintegration,  provideil  a  suitable  dose  of  antiserum  was 
addeil-t  In  short,  the  julilition  of  antL^erum  to  guinea-pig  alexin 
prevented  both  its  heuiolytie  and  its  bacteriolytic  action.  The 
anti-alexin  was  found,  moreover,  to  be  strictly  specific,  having  no 
effect  on  the  heniulytic  or  bactericidal  action  of  sera  from  anJmaJs 
other  than  the  guinea-pig. 

The  anti-alexlr  jjm[^crty  of  such  antifiera  was  later  stuJial  by 
several  observers-  Wjv^Mcnnann  in  partifular  confirmed  our 
experiment  (in  the  antibaelerieidal  effi^rt  nf  anli-alexin  ujuI  in 
addition  no!e<l  an  interesting  motlification.  Ho  ncutralizal  the 
alexin  of  normal  serum  by  anti-alexin  in  vivo  instead  of  in  vitro; 
he  found  that  he  could  annul  the  baclericij  lal  power  of  the  peritoneal 
exudate  by  injecting  Emtiserum  into  the  periloneal  cavity. 

The  antisenmfizing  property  has  recently  interested  other  ex  peri - 
mentors.  In  the  present  article  we  shall  consider  the  facts  that 
have  been  brought  out  concerning  it- 

*  Agglutiiiution  and  di^<ajlutiuij  i>r  red  bli>od  cella  by  aarum,  p.  1^5. 

Heraolytip  sera,  their  antitonin^,  etc..  p.  ISb. 
t  This  antiGenim,  of  couree,  had  been  deprived  of  iLaoffmalexiD  byhcaliaKto66 
degreea-    Ttiifl  Icmperature  does  Dot  effect  Ibeiiiiti'lLlGxtD  tbatprotecLs  Ihe  vibriue. 
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THE   CHEMICAL  THEORIES   OF   IMMUNITY.* 

By   dr.   JULES    BORDET. 

One  (if  thfi  most  imjHirl.ant  problems  in  the  study  of  immimity, 
and  it  must  be  couFossed  one  of  tho  most  difficult  of  solution,  la 
the  specifidty  of  serum.  The  pmblt'm  Is,  of  necessity,  coin])lex. 
We  have  known  for  sotug  Lime  that  the  a,ntibalie9  of  immune  sera 
are  specific  ia  the  sen^^e  tbnt  tht^y  aJTeel  certai.n  subslauces  and 
do  not  affect  others.  But  in  addition  to  this  speeificily  of  action 
wo  apparently  must  recognize  a  specificity  of  origin.  For  e^cample, 
a  given  senRitiaer  (arubcceptor  or  fixateur)  should  be  designated^ 
not  only  in  respect  to  the  blood  corpuscles  or  bacterium  that  it 
attat.'kfl,  but  ali^o  in  respect  to  the  animal  species  that  has  formed  it. 
Two  sensitizers,  both  active  against  tho  cholera  \'ibrio,  but  derived 
in  one  case  from  the  rabbit  and  in  the  other  from  the  guinea-pig,  do 
not  act  exactly  ahke  under  all  circumstances;  the  same  statement 
holds  for  antitoxic  sera.  We  know,  for  examplcj  that  the  duration 
of  a  passive  immunity  given  by  a  preventive  serum  vanes,  depend- 
ing on  whether  the  scrum  is  derived  from  the  same  species  as  tho 
recipient  or  from  an  ahen  speeiea. 

A  study  of  antif^cnsitiacra  is  particularly  useful  as  throwing 
light  on  tho  specificity  of  acra,  and  parliculady  as  to  whether  this 
specificity  is  as  absolute  a^  would  appear.  It  would  seem,  a  priori, 
reoflonable  to  suppose  that  the  law  of  specificity  should  be  most 
e%idcnt  in  dealing  with  theae  antisensitiacrs  or,  more  generally 
speaking,  in  deding  with  auti-antifjodira.  In  this  instance  we 
deal  with  eubstances  that  are  not  only  antibothes,  but  are  specific 
both  a^  rcganls  action  and  origin.  It  would  seem  reasonable,  then, 
that  they  should  afford  the  most  notable  and  instructive  instances 
of  specificity. 

aiXL     ADDalea  dc  I'luatitut  Puatcur,  XVMf.  1UD4,  503, 
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Antiscnsitiaci^  may  be  licmonatrated  in  the  blood  oF  the  animaU 
that  have  bccD  vaccinatai  agflinst  a  hcniolytic  scrum.  Following 
the  work  of  Camus  and  Giey  and  Kossel  on  the  antitoxin  to  eel 
serum  f  we  demonstrated  in  1S99*  Ihat  the  injection  of  an  animal  of 
species  A  frabbit)  with  the  serum  of  species  B  (hen)  gave  rise  to 
a  property  in  the  serum  of  A  that  neutralizes  the  hemolytic  effect 
of  s^rum  D  on  the  corpuscles  of  A,  and  we  later  studied  in  detdl 
the  properties  of  such  an  ti  he  mo  lytic  sera.  On  injecting  rablMta 
wiLh  specific  hemolytic  scrum  from  guint-a-pigs  iumiumiieil  against 
rabbit  bloor^l  we  found  that  these  rahbitfi  formed  an  aittLserum 
that  would  inhibit  the  Iiemolytic  effect  of  thf:  specifii:  guinea-pig 
serum,  and  that,  strangely  enough,  acted  against  Ixith  substances 
necessary  in  hemolysis.  In  other  wonls,  it  destroyed  the  charac- 
teristiu  sensitizeri  and  waa  also  antitoxic  for  guinea-pig  alexin 
(anti-alexic  property).  On  account  of  iUs  anti-alexic  property  this 
antiserum  protected^  not  only  rabbit  tor|Juacles,  but  also  other sen- 
eitizeii  eells,  against  guinra-pig  alexin.  For  example,  it  was  found 
that  seusitizBl  cholera  vibrias  (treated  with  heaLeil  cholera  ^runi) 
could  be  tsubjcetetl  to  fresh  guinea-pig  serum  without  showing 
granular  disintegration,  prDvide<l  a  suitable  dose  of  antiserum  was 
addeiLf  Tn  short,  the  addition  of  antiserum  to  guinea-pig  alexin 
prevented  \y.ti\i  its  hemolytic  ainl  it^  barleriolytic  action.  The 
UTiti-alexin  wti^  found,  moreover,  tn  be  strietly  s|jeeific,  having  no 
effect  on  the  hefmilytic  or  bat^tericidal  action  uf  sera  from  animals 
other  than  the  guiuea-pig- 

The  anli-alexic  property  of  such  antisera  was  later  studied  by 
several  observers.  Wassermann  in  particular  confirme<l  our 
experiment  on  the  an  ti bactericidal  effect  of  anti-alcxin  and  in 
addition  noteil  an  interesting  modification.  He  neutralJawi  the 
alexin  of  nomial  serum  by  anti-alexin  in  vivo  instead  of  in  vitro; 
he  fouml  that  he  could  annul  the  bactericidal  power  of  the  peritoneal 
exudate  by  injecting  antiserum  into  the  peritoneal  cavity. 

The  antiften^iliaing  prc»perty  ha^  recently  interestwi  other  experi- 
menters. In  the  present  articlo  we  shall  consider  the  facta  that 
have  been  brought  out  concerning  it. 

*  Agglntinniion  nnd  (HsHolution  t»f  reil  blood  cella  by  rarum,  p.  IG5. 

HtmolTtic  flera,  theif  flntiloKin^,  etc.,  p.  IHti. 
t  Thij4  antiserum*  of  course,  hod  b«e a  deprived  of  itaownalcxm  byhc&tiag  to  55 
degrees.    This  teoiperature  doen  not  efftct  llif:  unti-aJexin  tliat  pmlf^ts  the  vihriofl. 
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T.      PROPERTTRa    OF    AnTISRNSITBBRS. 

The  antieenaitiaer  should  be  chosen  ^vith  some  care  in  order  to 
render  ita  study  most  fmitful.  The  antieon&itiains  power  ia  fre- 
quently only  slightly  devel(ipe<i  in  aatisera  and  is  often  iletectable 
only  by  delicate  methods;  in  svhieh  ca^es  very  large  doses  of  anti- 
scrum  must  be  used  to  neutralize  the  sensitizer  effectively,  and  such 
dosca  arc  often  inconvenient  for  various  rcasona. 

For  tliis  reason  one  muJ^t  u«c  an  antiserum  with  nmrkcil  antiscn- 
eitizing  properties  and  also  an  active  sensitizer.  It  is  necessary, 
too»  that  the  nonnal  sera  of  the  animals  furnishing  tlic  sensiti- 
zer and  the  antisensitizer  respectively  should  be  as  inactive  as  pos- 
sible, as  they  are  used  as  controls  to  contrast  with  the  peculiar 
properties  of  the  immune  sera.  These  conditions  are  very  satis- 
factorily reaiizeti  in  the  following  example: 

The  sensitizer  we  have  generally  uaetl  is  the  serum  of  rabbits 
that  have  been  given  three  or  four  injections  of  from  5  to  7  c.c. 
emdi  of  defibriuatwl  IjiiNine  UockL  In  certain  other  experiments 
we  have  useil  is  wtU  the  .serum  of  ra,l>l*its  immunized  agaiiLst  other 
blood  eorpur^clea,  for  example,  human  and  hen  corpuHcles.  The 
anti^en5iliBe^  employed  is  the  serum  of  guinea-pi^  that  have 
received  two  or  Lliree  injections  of  3  to  r>  vx..  each,  at  intervals  of 
from  12  If)  15  tlaySf  of  tuirtiml  raJthit  serum.  Thetie  animals  are  bled 
2  weeks  after  the  last  injectiifn. 

Btfore  being  uhrI  f(»r  fSfn^rimcnts^  l»th  M'ra,  are  deprivfti  of 
alexin  Ijy  heating  ftir  a  half  lumr  to  55  to  50°  C.  As  we  already 
know,  this  temperature  has  no  eFfeet  on  the  sensitizer  or  antisensi- 
tizer. For  simplicity^  we  refer  U>  iiur  sensitizeiv  a.s  "  rabbit  >  ox, 
56  degrees,'*  "rabbit  >  hen,  50  degrees,"  ''rabbit  >  humna,  50 
d^reea, "  and  the  antisensitizer  as  guinea-pig  >  rabtwt  antiserum, 
50  ilegrees.  The  contn:l  sera  an?  normal  rabbit  werumj  ^i  degrees, 
uonnal  guinew-pig  scruin,  50  degret^. 

What  is  the  btjst  method  of  domonstraiing  antisonsitiziog  power? 
Two  widely  divergent  meChotis  may  be  coosidered. 

Firat^  seuj^itizer  and  antiserum  may  be  mixed,  the  corpuscles 
uswl  as  a  reagent  sube^equently  a<k!c<l,  and  a  determination  made 
fi£  to  whether  they  have  beeomo  sontjitized  by  subsequently  adding 
flJexid-     TliL^?  method  in  one  frequently  employed.     It  makes  use 
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of  the  antiserum  aa  a  prevcati\c,  the  sensitizer  being  Deutralizod 
Mom  it  haa  affected  the  iiorpiUadce, 

We  may  also  attempt  to  "cure"  corpuscles  olrca^ly  treatwl  with 
the  sensitizer  by  means  of  the  antiserum.  Attempts  of  this  sort 
have  been  made  by  Pfeiffcr  aiKi  Fricilbcrger  *  who  worked  with 
bacteria  instead  of  blood  cori5U9cle3,  tiuuh  expcrimenta  are  also 
aimikr  to  those  of  Ma^lsenf  and  Kraus  and  liip&chuta,t  who  cured 
blood  ceUaintoxicated  with  bacterial  poisona  by  mcaos  of  antitoxins. 

This  second  method  of  experimentation  has  seemed  to  us  prefer- 
able- It  allows  one  to  treat  a  single  sensitizer  witb  the  anti^rum 
to  tbe  exclusion  of  other  sensiliacrs.  In  a^idition  to  the  specific 
aenaitiaer  in  rabbit  >  ox  ^cmm  there  arc  one  or,  aecordiDg  to 
certainauthoi^p  a  large  number  of  airailar  normal  sensitizers  already 
prpapnt  in  thf;  animal  t»cfore  immunization.  If  we  begin  by  mix- 
ing the  antiserum  with  rabbit  >  ox  serum,  it  is  protmble  that  the 
normal  sen^tizer^*  wiU  t^ke  part  in  tbe  reaction.  But  if,  iiLHteail, 
we  first  mix  the  sensitizing  serum  with  the  eorpuschis  and  then 
wash  them  to  remove  the  excesr*  of  serum^  anil  aild  them,  lai.len  aa 
they  are  with  tlie  specific  substaEice,  to  anlirierum,  the  laUer  should 
affect  only  the  e|)ecific  sensitizer  united  with  the  bl<xxl  cells. 

It  remains  lo  clKXJse  a  suitable  alexin,  which  shuuid  be  one  that 
i^  not  Jeslroyed  or  weakene<J  by  tbe  anlisurum.  Tbe  siTiiplest  thing 
is  to  em|iloy  fresfi  guinea-ptg serum,  is  this  la  the  species  of  arucnai 
that  fumif^bes  the  fintiserum.  Not  only  is  this  alexin  not  affeeted 
by  iht'  anlisemm,  but  it  acts  very  well  in  conjunction  with  the 
sensitizers  employe<I,§ 

Following  is  the  f[»ethoiJ  of  demonstrating  antisensitizing  action: 

Sensitized  blood,  and  alstt  control  non-Nensitizeil  blood,  are  first 
prepared.  In  each  of  two  large  lubts  is  plae^-^l  1  c,e,  of  washed 
bovine  blood. II    To  tube  A  is  then  added  2  c.c.  of  rabbit  >  ox 

*  Ceiitralbbtt  f  jr  Buki.  Orit ,  XXXIV,  73. 

t  Zeiiwhrift  fiiT  Kygient,  ?£XXIJ. 

X  Idem,  XLV,  41). 

^  lliuoaii  utexiu  muy  also  be  used. 

II  Ths  wnalied  blood  has  bctn  r^toraJ  to  its  or[ginEi1  volurae,  tfiat  is  to  ^y, 
'  caat&iDfl  a£  many  red  blood  ccttij  to  n  given  volunio  a^  iJid  the  originiil  blood,  A 
BmalE  BEnouot  oF  defkbrmat'i^d  bLijorl  Is  poured  inlo  a  tuiw  and  tbe  fcvel  marki^  wi 
thp  gla^-  After  (illiDg  U'ibli  ault  twlution  und  rentrifugaliautioii^  l.hp  r^upfirnutafit 
?\\ivd  ia  removed  and  GuMcicnt  i&\t  so\\iiirtu  added  to  rc^toro  tbo  sodimcnt  to  ita 
Qrigiaal  vokumc. 
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serum,  5C  degrees,  and  to  tube  B,  2  c,c.  of  normal  rabbit  serum, 
5G  degrees.  Half  an  hour  later  the  two  tubes  are  filled  with  salt 
solution^  shaken  and  centrifugalizcih  The  supernatant  fluids  are 
pipetted  off  and  the  so<:Umonte<l  corpuscles  in  each  tube  are  sus- 
pended in  3  c.e.  of  salt  solution.  These  two  corpuscle  suspen- 
sions differ  only  in  that  the  first  corpuscles  are  latlen  with  specific 
eonsitiaer.     We  may  then  prepare  the  following  mixtures; 


Tube  fi.    SeDHitiz«d])lood,  0.1  a.c. ;  Guine<a-pLg  >  rabhU  antiserumn  56 

Tube  6,  ^amo  u  Lut.  but  contaiaiag  0,3  o.c.  of  ikoxcia]  gumea-plg  aeruoi, 
56  dt^rees.  iti^te-^d  of  atitiivrum. 

Tjbod  e  ao'l  d.  ^mo  a^  "a^'  nod  "f*"  Tcape^iivei^,  but  Dontaiouig  doH' 
seDBitizcd  bJood  in  place  of  seoaitized  blood. 

One  liour  liilrrO-l  of  a  cubic  ceatimpter  of  guinea-pig  alexia  (fresh  serum)  is 
added  lo  e&ch  tub«- 

It  19  foimJ  that  hemolyaie  takee  place  rapidly  in  tube  "b."  In 
tubes  ''a,"  "c"  and  "d"  there  is  no  bcmolyeis  even  afU?r  24  hours* 
The  lack  of  heinolysia  in  "a"  is  due  to  Llic  nculraLaation  of  the 
sensitizer  by  the  antiserum,  as  may  be  shown  by  adding  a  small 
amount  of  rabbit  >  ex  serum,  5G  degrees,  which  at  once  produces 
heiijoiysis.  The  same  rft^iulta  are  obtainetl  if  we  use  any  other 
alexin  (for  example,  human  serum)  that  is  not  afTectcd  by  the  anti- 
serum. 

This  method  of  experimentation  allows  ua  to  measure  the  anti- 
sensitizing  power  of  the  antiserum.  Wc  may  adil  in  plai.'e  of  0.3 
of  a  i;ubic  centimeter  of  pure  antiserum  to  0,1  of  a  cubic  centimeter 
of  aenfiitiaed  blood,  0.3  of  a  cubic  centimeter  of  a  dilution  of  anti- 
serum in  a  greater  or  less  amount  of  heated  normal  guinea-pig 
scrum.  On  trial  we  find  that  the  antisera  from  difTennt  guiDca- 
pigs  vary  much  in  potency.  The  antisensitizing  pn>perly  of  anti- 
scrum  is  frequently  so  strong  that  0.1  of  a  cubic  centimeter  will 
suffice  to  protect  0.1  of  a  cuIhc  centimeter  of  sensitized  blood  from 
the  alexin. 

Having  settled  on  our  tcchnicj  we  may  now  consider  cerl^n 
questioas  that  naturally  arise  concerning  nntiscnsit  izers :  Certain 
of  the  qnestions  (B,  C>  D  and  E)  relate  particularly  to  tlie  effect  of 
the  antiserum  on  the  sensltiaer;  otheir*  (A  and  F)  relate  rather  to 
the  origin  of  and  the  variations  in  antibodies. 

(A)     Is   an  antweruni  obtaineii  by  immunizing  an  animal  of 
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species  A  with  the  scrum  of  normol  urUreated  animals  of  epecieQ  B 
capaWc  of  neutraliaing  the  specific  scnsitizere  formed  by  species 
B  against  such  cells  as  rai  blood  corpuscles?  Experimentally,  wc 
Icam  that  it  i^:  For  our  antiserum,  which^  as  already  shown,  is 
actively  antisensi tiding,  was  obtained  from  guinea-pigs  that  hod 
received  only  normal  rabbit  serum.  The  same  results  are  true  If 
we  replace  the  sensitised  ox  blood  by  hen  or  human  blood»  each 
sensitized  by  its  respective  hemolytic  serum  from  the  rabbit  {rabbit 
>  hen,  5f>  degrees,  or  rabbit  >  human,  56  degrees).  This  agrees 
\'ery  well  with  the  tinilings  of  various  writers  and  particularly  with 
thifse  of  FonL*  This  writer,  having  found  that  hen  coqjuscl*^  are 
agglutinated,  not  only  by  the  serum  of  a  rabbit  immutnaei]  with 
hen  blood,  but  also  to  a  certain  extent  by  normal  rabbit  serum, 
inject.ed  hens,  on  the  one  hanr!,  with  nonn?il  I'abbit  serum,  and  on 
the  other  with  the  specific  aeruiu  of  rabbits  that  had  been  immunized 
against  hen  blood  [rabbit  >  hen  serum).  He  found  that  either 
annserum  from  the  hen  neutralizeil  Itoth  the  specific  agglutinin 
of  raijlnt  >  hen  ^enim  and  the  normal  agghitinin  of  normal  rabbit 
serum.  Pfeiffer  and  Friedbergcrf  obtained  analugous  results  with 
antlsera  for  Imrteria. 

We  may  eonelude,  then,  from  these  results  that  as  a  general  nile 
aTiJiserum  obtained  by  injecting  the  normol  serum  of  species  A^  and 
acting,  therefore,  on  the  normal  an(ibn<iies,  will  also  neutraliie  the 
various  sperific  tmiibodies  Formed  by  A  in  response  to  immunization. 

(B)  Is  the  anlisensitizer  used  ttp  in  producing  its  ej^ect  as  are 
the  other  antibwlies  already  studied?  In  other  wordtJ.  ia  not  the 
amount  of  sensitizer  that  an  antiserum  can  neutraU;(e,  limited? 
It  is  almr.st  superfluous  to  mid  that  this  turns  out  to  be  true;  there 
is  a^minimal  dose  of  antiserum,  a  less  amount  than  which  fails  to 
protect  sea^itized  corpuscles.  And,  moreover,  it  may  be  shown 
that  the  orldition  of  a  sufficient  amount  of  wa-shed  senBitiz&i  bovine 
corpuscle?^  to  antiscnmi  deprives  it  of  its  anttsensitizing  property, 
as  is  .shown  on  adiling  additional  sensitizctl  eorpuscles  to  such 
treate<l  antiserum.!     Of  eourse  antiserum  treated  with  ihc  same 

*  Zelt.  far  Hygiene  XL,  1&02,  3fi3. 

t  Bprliner  klin.  Woch.,  1002.  No.  I,  and  Coniralblalt  fur  Bakl..  XXXIV, 
1903,  71. 

t  Wo  E^ull  con^jdcr  thia  expermtcat  m  detail  m  njiother  coaneotioa. 
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amount  of  non-sensitizeU  corpuscles  (i.e.,  treated  with  normal  rabbit 
serum,  56  degrees,  and  then  washed)  loaes  no  antisensitizing  power. 

(C)  Does  the  antLserLim  nfulralizB  the  sensiii2er  directly,  like  a 
true  antitoxin,  or  does  it  simply  neutraJize  the  effect  of  this  sub- 
Btanee  in  some  antagonistic  manner?  To  answer  this  question  we 
muBt  determine  whether  corpuscles  sensitized  and  thi-n  cured  by 
antiserum  remain  refractory  to  alexin  oven  ofter  being  washed  in 
salt  solution. 

Experimentnlly,  we  find  that  they  do.  We  add  to  0>1  of  a  cubic 
centimeter  of  serisitizwl  blood  0.3  of  a  cubic  centimeter  of  anti- 
serum; in  another  tube  wc  add  to  a  similar  amount  of  sensitized 
bloo^l  [)>3  of  a  cubic  centimeter  of  heated  nomml  guinea-pig  serums 
After  a  certain  time  wc  fill  both  tubes  with  salt  aollition,  ccntrifu- 
galizc,  decant  the  supernatant  fiuidn*  and  suspend  the  sedimcnted 
corpuscles  in  0,3  of  a  cubic  centimeter  of  heated  normal  guinea-pig 
scrum.  We  then  a^ld  0.1  of  a  cubic  centimeter  of  guinea-pig  alexin 
to  each  lube.  There  is  no  hemolysis  in  the  tube  that  containoi 
antiserum^  but  rapid  heraolytiis  in  the  other.  The  curing  *if  sen- 
sitised corpuscles,  therefore,  does  not  depend  on  penttanerU  contact 
vdth  the  antiserum. 

(D)  Does  the  antiserum  inhibit  the  effect  of  the  sensitizer  in 
respect  to  its  various  manifestations?  The  most  important  prop- 
erty of  the  sensitizer  is  to  render  the  suitable  cells  susceptible 
to  destrurtiun  by  alexin.  But,  a^  we  have  already  sliowiip  t^en&i- 
tizers  also  have  the  pruperty  (a  property,  morcoverj  correlative 
with  the  other)  of  conferring  vn  the  specific  cells  the  p<jwer  of  al^orb- 
ing  alexin  and  of  so  removing  it  from  the  surn.iunding  fluid,  Ccm- 
sequently  we  must  ascertain  whether  corpujirtes  Owl  are  *e7i.vEfwerf 
arui  then  treaJed  tiyUh  aniiserutn  wdl  stiUJlr  alexin.  Experi  men  tally, 
we  find  that  under  these  conditions  ffit  alen'n  u"  not  abi^orb&L 

Defibrinated  washeii  ox  blooil  is  mixed  with  either  two  volumes 
of  rabbit  >  ox  serum,  at)  degrees,  or  of  nonnal  rabbit  serum,  5G 
degrees.  After  sufficient  contact  the  tubes  are  fille<l  with  salt  solu- 
tion, centrifugalizcd,  and  the  supernatant  fluids  decanted.  One 
volume  of  salt  solution  is  added  to  each  bloo^J  sediment.  As  a 
result  we  have  two  similar  eniulsions  of  red  blo(.Kl  corpuscles,  one  of 
which  is  sensitiaed.  There  are  then  prepared  the  following  tubes: 
•  Thia  waahum  tony  be  repefttwl  acveral  tiiocs. 
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Tuba  a-  SensitUeJ  bloody  0^3  cc;  >Joriiu.l  ^im^a-pig  neruiQ,  ^  d«grcedj 
1.2  CO. 

Tube  b.  Same  ua  l&at,  vfith  ^inea-pig  >  rabbit  jLatiAenira,  56  de^recfl,  repLr.^ 
ing  the  iiartual  ceruo, 

Tubrai  r  and  ff.  Samo  na  "a."  and  "b"  respectively,  with  non-acasitized  blood 
in  place  o£  BcnsLtued  blood. 

One  hour  later  0,1  of  a  cubic  centimetpr  of  alexin  (fresh  guinea- 
pig  spnim)  is  addeti  to  each  tube.  Hemolysis  takes  place  in  lube 
'*«"  in  a  few  minutes;  no  hemolysis  in  the  other  tubes.  The  tubra 
are  shaken  from  lime  to  time  and  after  about  five  hours  are  een- 
trifugalized.  The  clear  superoaLant  fluids  are  placed  in  separate 
tubes,  and  0.4  of  a  cubic  centimeter  of  a  mixture  composed  of  one 
part  of  Wfldhed  ok  blood  to  two  parts  of  rabbit  >  ox  serum,  50 
degrees,  is  mldetl  to  each  tuL)e,* 

These  new  sensitiaetl  corpuscles  are  rapidly  hemolyzed  in  all 
tubes  except  the  one  containing  supernatant  fluid  "a/'  where  no 
hemolysis  occur;;.!  ^^'^  conclude  from  this  expeiiment  that  the 
antiserum  removes  from  sensitized  corpuscles  their  power  of  fixing 
alexin;  such  corpa^elcs  act  as  do  normal  eorpuaclcs, 

(E)  Docs  the  antiscDsitizcr  drive  out  the  sensitizer  from  tho 
corpuscles  by  a  process  of  washing,  or  docs  it  unOe  mih  the  aensflizer 
joined  to  Ifie  corpusclet 

We  have  juat  seen  that  if  a  sufficient  amount  of  sensitized  cor- 
puscles is  added  to  the  antiserum  the  latter  becomes  inactive. 
We  might  suppose  that  the  antisensitiaer  drives  out  the  scnaitiaer 
from  tlie  corpuscles,  and  the  fact  that  it  becomes  inert  might  bs 
due  to  a  mutual  saturation  of  the  two  antagonistic  subc^taaccs. 

Let  us  tuice  0.1  of  a  cubic  centimeter  of  acnaitiscd  ox  blood  and 
acid  to  it  0.3  of  a  cubic  centimeter  of  antiserum.  After  a  httle 
contact  wc  wash  the  corpuscles  carefully  in  salt  solution.  After 
centrifugalizatiou  and  decanting  we  suspend  the  sciimented  cor- 
puscles :n  0.3  of  a  cubic  centimeter  of  an  active  normal  guinea-pig 
senira^  and  a>ld  0-1  of  a  cubic  centimeter  of  alexin.  No  hemolyaa 
f>ce.urs.  Ila-s  the  sentfitizer  with  which  the  corpuscles  were  laden 
been  driven  out  by  the  antiserum  and  then  removed  from  the  fluid 

*  Tho  t^rmiliiir^  AoruTu  ta  this  miEttirc  is  rf^lativdy  bi>  Inrgs  in  amount  that 
ao  DeuLraiizJttioD  oF  iL  coulJ  take  pluc^  iu  tubt-''^,*'  evea  if  ttii;  auliscusltiztr  bad 
□at  been  ueed  up. 

t  llemolyHifl  will  take  pLuw  ia  Ibid  tube  ou  addiliou  of  a  Uttla  muro  aloxin. 
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by  washing?  To  settle  this  qumtioo  we  add  0.1  of  a  cubic  cen- 
timeter of  normal  rabbit  serum,  5C  degrees.*  On  this  addition 
hemolysis  soon  appears.  In  control  tubes  we  find  that  this 
uoniial  rabbit  serum  hiis  in  itself  no  power  to  seTisitiae  ox 
corpusdes.  We  must  therefore  toiu-lude  that  tbe  sensitizer  has 
remained  mlh  tfie  corpuscles,  that  the  antLseo^itiaer  has  joined 
with  it,  but  has  not  expelled  it,  and  ihoi  jwrmul  nihhit  fierum 
conlairis  a  siubfilance  [normat  sensitizi?r?)  IfuiL  is  able  to  Jfreak  up 
the  combination  of  specific  sensitizer  and  antisensitlzer  by  re- 
plaeing  the  fiwt  in  its  union  with  the  seronrl  substance.  And  if 
normal  rabbit  serum  under  (.he?ic  eomiltions  seem^i  to  sensitize,  it 
does  80  Indireelly  by  liberating  the  specific  senj^Itixer  tliat  has  been 
neutralij-.til, 

Wc  sfiall  later  return  to  tliia  experiment  in  other  connections, 
particularly  in  considering  the  multiplicity  of  active  substances 
in  a  given  immune  serum.  We  may  note  simply,  for  the  ntoment, 
that  thif^  phenomenon,  which  may  be  designated  as  a  suppression 
by  normal  serum  of  a  cure  offecte<il  by  antiserum^  varies  in  rapidity 
with  the  conditions  of  the  eKperirnent.  We  have  already  remarked 
that  the  reappearance  of  sensitization  on  adding  nonnai  rabbit 
seruni  becomes  slower  and  more  difficult  in  proportion  to  the  lime 
of  contact  b(.'lween  the  corpuscle  and  the  antiserum  before  the 
addition  of  the  normal  Bcrurn.  In  other  wortia,  it  would  seem^  so 
far  as  our  experiments  go,  that  the  combination  between  si>ecifia 
Ben^itizer  and  antUensitizer  becomes  more  perfect  in  some  way 
with  time  and  less  apt  to  be  affected  by  the  sensitiisera  of  nonnai 
Berum.  The  combination  would  also  seem  to  be  more  stable  when 
the  antiscrnui  employed  is  very  powerful. 

It  U  not  GUr^^rtsing  that  normal  rabbit  scrum  should  coDtain 
Bubstances  with  an  affinity  for  the  antisenaitiacr,  \Vc  showed  in 
ISyy  that  substances  ^milar  to  fucji^itizcrj;  ^  may  be  detecteii  in 
norifial  sera,  an<l  Ehriich  and  Moi^nroth  have  furnishtxl  numeroua 
analogoua  examples.    In  consideration  of  the  experiment  wc  have 

•  Tt  mny  be  remi^mtvrpd  Ihai  our  Aotbcrutii  wan  abuined  by  injecting  gurnet 
piga  with  Qf>rmuJ  rabbit  eermn, 

f  Altboiii^K  ihcse  aubaljkiices  woiJrl  aecni  to  bcloiii;  tu  the  BXtae  cutegory  no 
waailiiera,  they  ai¥,  wilh  tew  cxceptiaa?.  very  infprjiir  t-o  tbem  ajs  regards  thoif 
ftffinity  for  the  BeHfiitivo  calls.  They  are,  moreover,  very  little  kaonur  ^t^d  we  coU 
tbcm  '^Donnal  acuaitiKn,"  only  with  a  certain  reservatioa^ 
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just  discussed,  it  would  aocra  superfluous  to  add  that  if  normal 
rabbit  f^cnim,  oO  degrec9»  is  added  in  the  first  place  to  the  anti- 
serum the  latter  loses  its  power  to  protect  eenaitive  corpuscles 
from  alexia.  It  la  indcetl  ob\ioii^,  since  even  when  the  corpuscles 
have  been  cured  by  antlaeruni  the  subeequeut  addition  of  nonnal 
rabbit  scrum  will  neutralize  the  protection  already  affordetl. 

Another  fact  resulting  from  the  evidence  of  the  precftling  experi- 
ment is  that  sensitized  ox  corpuscles  cured  with  antisenim  and 
wa-^edi  anil  resistant  to  guinea-pig  or  human  alexin,  will  be  hcmo- 
lyaied  by  rabbit  alexin,  aince  this  aerum  restores  the  sensitization, 

Is  the  power  of  annulhng  the  cure  of  corpuscles  by  auiisenim 
present  in  nnmAl  rabbit  serum  that  has  been  heated  to  tempera- 
tures considerably  above  56  degrees?  Heating  to  70  ilegrees  for  a 
half  hour  will  not  destniy  It.  On  the  other  hand,  the  fluid  ex- 
pressed from  a  clot  of  senini  coagulated  at  100  degrees  no  longer 
ittains  this  power.  The  j>LJwer  is  only  feebly,  if  at  all,  present  in 
rabbit  ai|uw«is  humor  heate<I  to  5fi  degrees.  It  is  evident,  then, 
that,  if  it  Ih?  due  to  normal  sensitizers,  a^  is  likely,  they  are  not 
present  in  the  aqueous  humor  This  fa«t  is  in  harmony  with  our 
experimental  results  pubhshed  in  1^95,  in  which  we  demomtrated 
that  Ihe  bactericidal  fK)wer  of  cholera  aenim  is  due  tu  the  cfjllabnra- 
tion  of  two  distinct  substances,  one  a  specific  one  which  is  ther- 
mostable and  occurs  only  In  the  serum  of  vaccinated  animals 
(preventive  substance  or  sensitizer):  and  the  other,  the  alexin^  or 
proper  bactericidal  suLtstance,  destroyetl  al  65  degrees,  and  present 
in  the  serum  of  both  normal  and  vaccmated  animals  in  approxi- 
mately equal  amounts.  The  familiar  experiment  of  mixing  the 
aqueous  humor  {56  <legrees)  of  an  immunizeil  animal  with  fresh 
seTum  of  a  normal  animd  and  \'ibrios  gave  no  bat*t(?riolysis ;  bac- 
teriolysis was  energetic,  however,  if  heated  serum  from  the  same 
animal  replaced  the  aqueous  humor  In  other  wordSj  aqueous 
humor  contains  no  sensitizer. 

(F)  If  wG  find  that  a  ^ven  antiserum  neutralizes,  as  does  the 
one  we  are  studying,  several  different  specific  sensitizers,  each 
active  against  different  cells,  but  all  derivefl  by  immunizing  animals 
of  the  same  species,  arc  wo  to  conclude  that  this  antiserum  contains 
several  difTerent  antisensitizem,  each  one  of  witich  combines  with 
a  separate  sensitizer?    Or  arc  wc  to  conclude  that  the  anliscmm 
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cotUains  a  single  aniisermluer  that  neutralizes  various  sensitUers 
indiffer^lyf 

Although  this  question  has  oot  been  put  to  experimental  proof, 
it  would  seem  to  be  answered  by  certain  rraults  on  aooUier  problem 
conadered  by  Wassermann*  and  by  Ford.t  These  investigators 
have  uied  to  elueidate  the  following  point;  In  many  iostances,  as 
we  know,  the  ^erum  of  a  normal  animal  has  a  distinct  agglutinating 
powor^  without  any  immuniaation,  for  blond  corpuscles  A,  let  us 
say4  If  tills  animal  is  immunized  againat  corpuscle  A,  is  the 
specific  agglutinin  that  is  formed  to  be  considered  as  identical  with 
the  one  present  in  the  normal  serum  before  treatment?  In  brief, 
does  immunization  simply  increase  a  preexisting  printiple  already 
present  in  amall  amount,  without  giving  rise  to  new  and  particular 
subetancesn  properly  speaking?  If  this  is  so,  immunization  would 
be  equivalent  simply  to  a  purely  quantitative  mollification, 

Wassermann  and  Fonl  think  that  the  fact  brought  out  by  Ford, 
to  which  reference  ht^  been  maxle.§  makes  clear  thia  obscure  point 
and  proves  conclusively  that  antibodies  activo  agaiflst  a  given  cell 
in  normal  or  in  immune  ^cruni  arc  identical.  The  fact,  to  repeat, 
is  that  the  antiserum  from  hens  immunized  against  normal  rabbit 
werum  neutralizes  the  a^lutinating  effect  of  either  normal  rabbit 
serum  or  of  the  serum  of  rabbits  immunized  against  hen  corpuscles 
for  the  corpuscles  in  question.  Their  conclusion  is  as  follows: 
if  the  antiserum  ohtainevi  by  injection  of  normal  agglutinin  neutral- 
izes both  normal  and  immune  agglutinin,  it  proves  that  these  agglu- 
tinins are  identiraL 

We  do  not  see  why  Was^ermann  ami  Ford  consider  this  con- 
clusion logical.  It  woidd  he  true  nnly  if  it  hml  been  proveti  that  a 
^ven  anti-agglutinin  {or  ^uiliseiLM Lister)  could  und(:r  no  eircum- 
ataucer*  neutralize  several  diffn-ent  agglntininy  (or  sensitizers). 
Antl  this  L*  precisely  what  Wasstrmann  and  Fiml  have  not  proved. 
Why,  therefore,  if  wc  were  t(i  formulate  in  the  Lieginning  the  opposite 

*  Waaacnnnnr.  ZBitachrift  fiJr  Hygieno,  XLlI,  1903,  2C7. 

t  Fonl,  Zeitachrilt  far  HjgieucH  XL.  1902»  363. 

]  WfiflB^rmnnn  nnd  Font  dml,  il  in  imp,  with  agglutininB  and  not  with  fleoai- 
tiEcrs.  Il  is  not.  howeviT.  unroneoimbJo  to  i^pply  lti«  rebuild  obtained  wiTii 
a^gluiJJLina  to  svusilijiers  bnd  coowquvDlly  cundusiuna  coDcenjiiig  auti-figglu* 
tioiaa  to  uat  iBenAitisera, 

\  gee  p,  285. 
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hypothesis  —  namely,  that  one  an<J  Llie  same  an ti -agglutinin  (or 
antiaeiisitizer)  will  neutralize  imlifferently  the  various  agglutinins 
formed  by  a  given  animal  species^-^houk!  we  not  be  justified  in 
asserting  that,  the  two  agghjtinins  in  quRstion,  both  affei^ ting  hen 
bloo*l  eoqju-srles,  are  not  iiientit-Hl^  btit  show  distinct  differences  as 
marked,  let  us  assume,  as  those  between  immune  agglutinins  From 
the  same  animal  species  affeoting  different  cells?  Wliy.  in  fai^t^ 
should  we  accept  without  expenmeulal  prorjf  the  thesis  that 
Wassermann  and  Ford  consitJer  a-xioinatie,  that  there  is  a  specific 
antibody  exclusively  fitted  for  each  active  substam^e  anil  that,  cnn- 
versely,  when  two  sulKlances  are  neutralized  by  a  ^ven  antibmly 
that  they  are  identical?  Why,  in  short,  must  we  conclude  from 
Fold's  experiment  that  immunization  simply  increases  the  amount 
of  the  active  substance  without  changing  it  qualitatively?  It  is 
evidently  indispensable  to  consider  this  question  before  wc  can 
admit  Wassermann  and  Ford's  conclusion,  the  importance  of  which 
in  increaiiing  our  comprehension  of  the  genesis  of  active  subetancos 
in  immune  sera  is  evident.  We  shall  see  from  the  following  experi- 
menU,  as  a  matter  of  fact,  that  a' given  antiycnsitizer  nan  neu- 
tralize distinctly  different  sensitizers  affecting  different  cells. 

When  we  mix  our  antiserum  with  sensitized  and  washed  ox 
corpuscles  the  antiseositizcr  ih^,  as  we  know,  used  up  in  curing  the 
corpueclfB,  so  that  the  eupematant  fluid  after  centrifugalization 
no  longer  protects  sensitised  blood  corpa'^eles.  But  will  this  fluid 
still  protect  other  corpuscles  sensitised  with  a  different  rabbit  een- 
Bitizer,  for  instance,  hen  corpuscles  treated  with  rabbit  >  hen 
pcrum?  The  experiment,  the  details  of  which  follow,  proves  that 
it  will  notn  The  same  ant i sensitizer  ncutraUacs,  then,  two  different 
sen^Jtizer^  (rabbit  >  ox  and  rabbit  >  hen).  In  a  control  it  is 
shown  that  ox  corpuscles  treated  with  rabbit  >  hen  scrum  (which 
they  do  not  absorb)  will  not  remove  from  the  antiserum  the  power 
of  protecting  sensitized  hen  or  ox  corpuscles.  In  the  same  way 
it  is  shown  that  rabbit  >  ox  serum  does  not  sensitize  hen  cor- 
puscles, 

Wa^heil  ox  blood,  the  volume  of  which  equals  the  prirnitivc 
blood,  is  placed  in  equal  amount-s  in  two  large  tubes  (1.5  c.c.J  and 
two  volumes  {3  c.c.)  of  rabbit  >  ox  serum,  *%  degrees  added  to  one, 
and  the  same  amount  of  rabbit  >  ben  serum,  5ti  degrees,  to  the 
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other.  After  eontart  the  corpuscles  are  carefully  washed,  centrifu- 
galizwl,  and  the  superoatant  fluids  decanted;  1.5  c,c,  of  salt  solu- 
tion ia  then  aridcl  to  rarh  tutx'.  In  one  tube.  then,  the  blood  ia 
sensitized  and  in  the  other  it  h*  not. 

In  the  same  way  hen  blood,  sensitized  and  not  senaitiacd,  is 
prepared  by  treating  it  with  each  specific  serum. 

Antiserum  i?  then  diluted  with  an  equal  volume  of  norma!  guinea- 
pig  semm,  5^  decrees,  to  facilitate  mensuration,  Wc  refer  to  this 
aft  diluted  autiserum  *  We  then  prepare  the  foLowing  mixtures 
of  antiserum  and  the  two  ox  bloode  treatetl  as  described: 

Tube  A,     BetmUifled  ox  b1oorl«  I  cc;  Jilut^  antiaerurti,  2,5  cx.- 

Tube  B.     Shiiiq  aa  A,  nitb  DOa-HPimiliEed  fix  blood  in  pLitTR  of  s^ositiERd  blood. 

One  hour  \a.\er  thfr  tubt>B  am  ccntrifugahzAJ  aoJ  tho  Bupcrnataiit  fluids  A  and 
B  decanted.  Fluid  A  ia  deprived  of  antiscnsitiEor,  iLa  may  be  im^iD^.  Tbcoe 
ftuida  are  iiwd  In  makint^  ihp  fi>llnwing  IuIwh: 

Tubffp  i'  Liod  D-  Eflch  tioniairia  1  c.c.  of  fluid  A;  to  C  ia  add«d  0.1  of  il  cubio 
centimeter  of  sco^iLUed  Ox  blood.  To  D  b  adJcd  0.1  of  a  cubic  ceatJinetcr  of 
flfEi-iiii£ed  ben  bloui. 

Tubes  E  ftJidK  ThesB.meiia  tubed  Ca.iidD  respectively,  with  flaid  B  replacing 
fluid  A. 

In  &dJUion  there  are  cooLrulHconLQiiiingciu;h  1  cc.  (if  norma.]  guinp^-pigseruzn, 
bQ  dr.grecs,  and  0.1  oT  n.  eutiic  eentlmeler  of  heti  or  ox  l)LDod  fiensil'iiffi  unJ  nuL 
HUfitized  respectively,     The3e  control  ihe  tubca  contojuing  ajitlscrunir 

Tbrce-iiuarc^ra  of  an  iiour  later  0  2  of  a  cubie  eeniinipter  of  aleitin  (freah 
guiDea-pig  scrum}  is  added  Xrt  tube^  C,  D,  £,  I',  and  to  the  Controls. 

There  is  no  hemolysb  in  tubes  E  and  F  containing  liquid  B,  in 
which  the  antiserum  ha3  not  been  deprived  of  its  antisensitiEing 
power  by  &cn5itize*.l  corpuscle?^.  There  ia,  of  course,  no  hemolysis 
in  the  controls  with  nou -sensitized  corpuscles  and  without  anti- 
serum. In  tubes  C  and  D  that  contain  Ruid  A,  in  which  the 
antisensitizcr  ha-i  been  previou-isly  uscti  up  by  the  scnj^itized  ox  cor- 
puscles, tlie  hemol>-siH  of  both  the  ox  and  the  hen  cori^usclcs  takes 
place  as  rapidly  as  in  the  controb  without  antiserum.  The  same 
an ti sensitizer,  then,  neutralizes  the  two  aensitizere  under  con- 
sideration, which  differ  markedly,  as  one  ia  specifically  suitable 
For  nx  ctirpusclea  and  combines  mth  them,  whereas  the  other 
doe^  not> 

*  It  may  be  noted  that  four  parts  of  this  antiwrum  c^ompleTely  protect  ooe 
pari  of  ihu  wnaitixed  blooil  uned  uRjiijiAt  the  c«ub»eijueDL  uctioii  of  .'duxio.  tn 
n  control  tulw  in  which  the  antifiemm  is  replaced  bynormal  guioBa-pig  aenun, 
50  degrees.  hemoLysiB  \s  eamplote  In  5  nunutca. 
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Thi&  expetiaiE-nt  is  not  imliflpciit^bk.  as  a  similar  concliiBian 
might  be  drawn  ;vith  assurance  from  an  obacrvation  that  has  been 
naaile  concerning  Dormai  rabbit  scrum.  We  have  already  noted 
that  on  adiling  a  little  normal  rabbit  serum,  5G  degrees,  to  a  mix- 
turtr  of  sensitizwl  corpu.sdt^,  antiserum  and  ale.xin,  in  which  no 
hemolysis  is  present,  hemolysis  appears;  we  must  conclude,  thenj 
that  the  romial  serum  rontons  a  ^^ubstance  that  can  rsplaci*  the 
speeifie.  sensitizer  in  its  union  willi  the  aniitoxin,  at  l(!ast  in  jiart, 
TImt  thi^  suljrtlance  is  not  Ut  be  regarkil  as  a  rabbit  >  ox  sensi- 
tizer preexistent  in  !<ma11  amountfi  in  nonnal  rabbit  serum  is  evident 
from  the  Fact  that  the  nonnal  sprmn  doe>i  not  senaitize  ox  ror- 
pusi^les  to  alexin.  But  in  on:ler  to  Ijc  quite  eertain  of  this  pijint 
and  to  forr*Jt,all  any  possible  objartion,  we  may  ascertain  whether 
normal  rabbit  serum  that  has  been  treated  with  an  exeess  of  ox 
corpuscles  act^  in  a  similar  manner. 

Let  us  plac^e  1  e.c-  of  dcfibrinateii  ox  blood  in  a  large  tube,  fill  with 
salt  solution,  centrifugal  i/c,  and  then  remove  the  su|jema taut  fluid, 
lea\'ing  a  sediment  of  bloo<i  corpa^^eles  to  which  1  c.c.  of  heated 
rabbit  serum  is  added-  On  the  following  day  we  centrifugalize^ 
remove  the  supernatant  serum  and  add  to  it  the  fresh  sediraent 
of  another  cubic  centimeter  of  washed  ox  blood  We  may  hope 
that  two  successive  contacts  with  ox  corpuscles  will  have  absorbed 
all  the  conibinable  substances  in  the  normal  scrum.  We  then 
prepare  sensitized  and  washed  ox  blood  as  in  Iho  fomter  experi- 
ment. 

Two  tubee^  A  and  B^  are  prepanxl,  containing,  eac^h,  0.1  of  a  cubio 
centimeter  of  sensitized  washed  blood,  0.3  of  a  cubic  centimeter  of 
antiserum  and  0,1  of  a  cubic  centimeter  of  guinea-pig  alexin;  to 
tube  A  is  then  addcl  0,2  of  a  cubic  centimeter  of  the  normal  rabbit 
Borum  treatcii  with  ox  blood  a^  described.  The  corpuscles  are 
hcraolyaed  in  10  minutes  in  tube  A,  but  remain  intact  in  tul>e  B, 
A  [control  showa  that  the  treated  normal  serum  in  the  same  doses 
docs  not  hemoiyze  a  mixture  of  antiserum,  alexin  and  non-senai- 
tiacd  corpuscles. 

The  aame  results  are  obtaincl  by  uping  in  place  of  normal  rabbit 
senim,  rabbit  >  ox  serum  that  lias  previously  been  deprived  of 
ita  specific  activity  by  two  auccefisive  contact  with  ox  corpuscles. 
Such  treated  rabbit  >  ox  serum  still  combines  with  the  anti- 
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Bensitiier,  although  rifpriveil  of  ail  ita  specific  PEnsitizing  property 
for  ox  bloaJ .  ur,  in  other  woixJs,  when  it  conlains  only  norma!  seosi- 
tizera  with  no  partioular  affinity  for  ox  corpuacle?^,''' 

We  are  not  justified  in  cone[u(iiog,  therefore,  as  Wassermann  and 
Forci  do,  that  two  aensitizem  (or  agglutinios)  are  idt-nUtjal  siruply 
because  they  are  neutralized  by  the  same  antibody.  The  con- 
clusion of  these  observers  Gonceming  the  identity  of  two  agglutinins 
affecting  the  same  blood  cells,  and  of  which  one  is  present  in  normal 
sera  and  the  other  is  produced  by  immunization,  may  not  reason- 
ably be  drawn  from  their  experiments.  It  may  be  exact,  but  has 
not  yet  been  proved. 

The  answer  to  qu^tion  F  ia  that  a  single  given  antisensitizer  can 
neutralize  severol  different  sensituers  from  the  same  animal  species, 
but  active  for  different  cells.  When  we  come  to  consider  the  fact 
noted  by  other  observers  (Ehrlieh  and  Morgenroth,  PfeJffer  and 
Fiiedberger),  namely,  that  an  antiserum  obtained  by  injecting  an 
animal  of  species  A  with  the  serum  of  species  B  has  little  or  no 
effect  on  sensitizers  from  either  species  C  or  D,  we  must  conclude 
tiiat,  as  far  as  sensitizer  action  is  concerned,  there  is  a  closer  rela- 
tion between  sen^ttzers  from  a  common  source  active  against  different 
cells  than  there  is  between  sensitizers  active  agaijist  the  sa?iie  cell  and 
obtained  from  different  animal  apecies. 


k 


IL     Observations  on  the   Chemical  Theories  of  Iumunttt- 

The  study  of  antisensitizers  suggests  various  remarks  of  which 
note  should  be  made;  these  remarks,  indeed,  would  seem  to  facili- 
tate the  comprehension  of  certain  insufficiently  explaiocil  or 
inaccurately  interpreter!  already  known  facts.  We  shall  consider, 
therefore,  first  of  all,  Elirlich's  theory  and  later  the  mechanism  of 
paesive  immunity- 
There  is  yet  another  subject  which  may  be  considered  more 
attentively,  and  that  is  the  mode  of  action  of  toxins  on  antitoxins, 
toward  the  elucidation  of  which  the  etudy  of  antlsensitiaers  would 
seem   to   offer   interesting   information.    Indeed,   owing  to   the 

*  We  may  repeat  that,  In  d^igtial.ing  these  sul>sFADnos  as  notmal  m^tmtaen, 
we  flimply  mean  that  they  have  the  pawcr.  as  da  specific  seDsitiKcrB,  of  r:ombmiag 
with  uitiseofiitizer,  We  know,  Lovfever.  relatively  little  of  their  nature  iiudiirop- 
artied.     Vfo  give  them  a  definite  name  simply  to  faoiUtale  e^tproe^ioD. 


PR0PERTIE3  OF   A NTI SENSITIZERS, 


205 


property  that  blood  cells  have  of  extracting  thdr  spreifjc  sensitiier 
from  healed  lierncjlytic  serum,  we  are  able  to  simplify  the  toxic  solu- 
tion, or,  in  other  worJa^  to  isolate  (he  toxlo  to  be  tested  with  the 
antitoxin.  And  the  fact  that  the  normal  Bensiiizers  of  normal 
rabbit  serum  (which  are  not  toxic  for  the  ox  corpuscleSj  but  have 
E£  great  an  affinity  for  the  antitoxin  as  the  specific  sensitizer),  when 
addc'd  to  n<?uLralizud  toxin  (i.e.,  eensitiae^l  eorpuscles+antiserum), 
liberate  it  by  uniting  with  a  certain  amount  of  antitoxin,  may  allow 
us  to  determine  the  law  that  governs  the  equilibrium  between 
anta^mistie  substances.  But  we  shall  not  discuss  in  the  present 
article  the  theories  of  the  inleraetioQ  of  toxins  and  antitoxins,  as  our 
researches  on  this  subject  ai"e  not  yet  finished.  We  may  simply 
mention  a  fact  that  would  seem  t^  indicate  that  the  destniction 
of  toxin  by  antitoxin  is  rarely  absolutc^wh other  because  the  re- 
action i£  incomplete,  fio  that  the  mixture  always  contains  traces 
of  free  toxin  lArrhcnius  and  Madson),  or  because,  as  we  believe,  the 
neutralisation  of  a  toxin  by  an  antitoxin  is,  in  reality,  simply  a 
greater  or  less  attenuation  depending  on  whether  the  toxin  tixes 
more  or  leas  antitoxin.  According  to  our  hypothesis  the  two 
Bubstances  unite  in  variable  properties  and  may  therefore  give 
rise  to  a  series  of  combinations  ranging  from  free  toxin  to  com- 
pletely saturated  toxin,  being  leaa  and  less  toxic  {without  l^ccoming, 
of  necessity^  quite  non-toxic)  in  proportion  to  the  increase  in  anti- 
toxin. As  wc  know»  Ehrlich'y  toxoni^,  whicii  occur  in  mixing  a 
toxin  with  an  incompletely  neutraliaing  dose  of  antitoxin,  represent 
in  Arrhenius  and  Madsen'a  conception  small  amounts  of  free  toxin; 
acconiing  tc  our  conception  they  are  toxic  molecules  insufficiently 
eaturated  vs-ith  antitoxin  in  which  the  toxicity  is  j^imply  decreased 
without  being  eliminated.  It  would  eecm  to  us,  then,  tiiat  in  mix- 
ing antiserum  and  sensitizer  we  form  toxoa'i  from  the  toxin,  in  that 
the  sensitizer,  when  aJTcctcvl  by  antisemm,  is  simply  weakened,  but 
not  deprived  of  its  original  power.  The  sensitiHalioo  i^,  as  we  know^ 
very  alight,so  that  under  the  ordinary  conditions  of  experimentation, 
that  is  to  say,  in  a  mixture  containing  serum,  the  red  blood  cells 
remain  intact.  The  sensitizing  power  has  not,  however,  been 
entirely  destroyed,  for  we  find  evidence  of  it  if  the  corpuscles  are 
made  less  vulnerable  by  being  placed  in  a  less  favorable  medium 
(salt  solution);  in  otlier  words,  under  conditions  that  facilitate  sen- 
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sitisatioTi-  Under  these  conditions  the  antiserum  is  unable  to 
prevent  hemolysis. 

Let  us  mid  D.6  of  a  cubic  centimeter  of  antiserum,  which  ia  a 
large  dose,  to  0.2  of  a  fubic  centimeter  of  sensitized  ox  bloixl.  We 
fill  the  tube  with  salt  solution.  centrifugalize»  and  remove  the  super- 
natant fluid.  To  the  sediment  we  add  0.0  of  a  cubic  centimeter  of 
norniat  guinea-pig  serum,  5(>  drgree,s,  and  0.2  oF  a  cubic  eenthueterof 
guinea-pig  alexin.  Under  these  conditions  no  hemolysis  occurs- 
The  experiment  ia  repeated,  with  the  variation  of  adding  O.Q  of  a 
cubic  centimeter  of  normal  Fait  solution  in  place  of  the  heated 
guinea-pig  serum  after  washing  and  then  adding  the  alexin  (0.2 
c.c,).  Hemijlysit!  occurs  coTiipletely  in  about  an  hour*  The  cure 
of  the  corpuscles,  then,  was  only  partiaJ  and  the  serLsitiBali^Hi,  al- 
tbougli  weakeiiKl,  is  evident  when  the  corpuscles  are  placed  in  a 
medium  that  kfU'ers  their  resistanee.f 

Are  we  not  justifi&J  in  comparing  this  fact  with  the  one  noted 
some  time  ago  by  Roux  anr]  Vaillani,  namely,  that  a  mixture  of 
tetanus  Utxiu  and  antitoxin  that  is  harmless  for  nonnal  guinea-pig* 
IB  dangerous  for  guinea-pigs  that  have  been  weakened  by  vacci- 
nation with  the  cholera  vibrio? 

Without  considering  these  questions  further  for  the  moment, 
we  may  return  to  the  subject  properly  under  consideration, 

Ekriich's  thwry. — Relates  to  the  origin  of  antibodies  and  is  as 
follows:  on  injecting  an  anituftl  with  asubstance  that  g^ves  rise  to 
an  antibody,  the  ?*ubstance  injectwl  uuiles  witli  eertain  cheinical 
elements  (receptors)  in  certmn  detiuite  cells.  These  cells  are  dia- 
turt)ed  and  react.  In  reestablishing  their  previous  condition  they 
form  new  receptors  which,  being  produced  in  excess,  are  forceti  out 
of  the  cell  into  the  surrounding  fluids  and  constitute  the  anti- 
bodies. 

The  theory  offers » then,  an  easy  means  for  determining  the  nature 
of  antibotlies.  Let  us  apply  it  to  the  antisensilizer  vvc  have  beea 
etiklying.  Wien  guinea-pigs  are  immunized  against  rabbit  serum 
we  must  eon<?eive  of  them  as  ha\'ing,  aeconiing  to  the  theory, 

*  A  eonirol  cbowa  tluit  the  same  florpusdce  without  aeocjUtzatioD  are  uoaJTcctod, 
We  know,  furthermore,  liiiit  heal^jJ  Jiunuzil  guuioi-pig  norum  hu  nu  aiitiaeaaitu* 
iog  «lfect. 

t  It  is  a  wcll-koowa  fi^t  that  6ait  solution  renders  corpUAcles  less  rosbtani  to 
boKS  of  homolyiic  Hirum. 
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receptors  c&p&ble  of  combmation  with  cert^n  active  prtnctplea 
(normal  eensitizera)  of  normal  rabbit  serum.  The  receptors  affeclM 
by  the  injection  are  reproJucwl  in  excess  by  a  trellular  reaction  aoJ 
ponretl  into  the  senim,  which  fluid  becomes  endowed  with  the 
property  of  neutralizing  the  apecifit  rabbit  >  ox  sensitizer.  Con- 
sequently, the  antisent^itiaer  is  conifioeed  of  receptors  idontjcal 
wjlh,  or  eimiJar  to,  the  receptors  in  the  ox  corpuscles  that  unite 
with  the  senyitiaer*  It  should  then  act  as  these  corpui?cle  roeep- 
tore  do,  for  it  is,  bo  Lo  epeak»  only  a  solution  of  such  receptor  in 
eerum.  Thie  conception  of  the  antisensitiaer  is  indeed  the  one 
reeentty  accepted  by  Moi^enrotti.f 

The  inaccuracy  o(  such  a  conception  founded  on  Ehrlich's  theory 
is  evident  from  the  facta  we  have  just  offered-  In  the  first  place^ 
if  the  antiaerisitizer  were  identical  with  the  corpuscle  receptors 
used,  it  would  not  combine  with  the  isea^itiaer  alreiuly  saturated 
with  these  reccptora»  in  other  words,  bound  to  the  corpuscles.  And 
the  cure  of  sensitiae^l  eella  by  antii^crum  woulcl  be  impo^ibic. 

Moreover,  if  the  anti.^cnsitizcr  were  identical  with  the  receptora 
in  question,  it  ia  evident  that  any  substance  which  would  combiue 
with  one  would  combine  with  the  other.  Normal  rabbit  serum  con- 
tains, as  we  know,  no  substancca  that  combine  with  the  receptuig 
of  ox  corpuscles  (tha,t  is,  these  corpuscles  remove  nothing  frotji  the 
0enim)j  and  yet  this  serum  ia  so  avi<l  of  antisensitizcr  that  it 
can  compete  successfully  with  rabbit  >  ox  sensitizer  in  combining 
with  it.  Rabbit  >  ox  serum,  moreover,  even  when  entirely  Je- 
privetl  of  it-i  specific  sensitizer  for  ox  corpuscles,  will  still  saturate 
antisensitificr.  And,  what  ia  more,  since  the  same  antisensitizer 
unites  with  various  sensitizers  indifferently,  whether  or  not  they 
combine  with  ox  corpuscles  the  result  is  that  antiserum  tn'atwl  with 
Hentfitiacl  ox  corpuBclea  no  longer  protects  other  varieties  of  sen- 
aitizttl  corpuscle?*. 

The  theory  uutler  discussion  is  also  in  direct  opposition  to  the 
fact  that  anlise-rum  removes  from  senwitiawl  corpuscles  their  power 
of  absorbing  alexin.  It  1^  evklent  that  if  the  antisea^tizer  were 
math:  fmm  t^ttrpuscle  recepl«rs,  it.s  combination  with  tfie  seiisitiner 

*  According  to  Ehrlichia  Icrmuiolo^,  Ihcac  receptors  a[l  have  the  same  liaplo- 
pijore  KToup. 

r  8tudjp9  an  Immmitty,  Ehrlich-SoUiu&ii,  John  Wjky  and  Sous,  p,  241, 
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should  tako  up  alexin  energotieally  in  the  samo  way  b£  sensitizer 
plus  corpvii^'le  docs.     Tliis  \s  not  foimd  to  be  true* 

To  aura  up:  first,  the  antiacnsitizcr  umtea  with  the  sensitizer 
already  fixed  en  the  spcxiific  corpuscles,  which  latter  it  cures;  Bccond, 
the  antUcrum  owes  it.i  activity  to  &  single  unique  substance  that 
endows  it  with  the  property  of  protectiog  various  senailizetl  cells: 
inothcrwonls,  of  neutraUzing  varioa?  sen^itiaeis  that  combine  each 
with  a  difTerent  type  of  receptor;  for  example,  the  anme  antisensi- 
ttser  cotnbmes  not  only  with  rabbit  >  ox  sensitizer,  but  abo  wth 
othef  normal  or  specific  sensitizers  that  do  not  unite  with  ox  coi^ 
puficles:  tiiirtl,  the  antisea^itizer  remc:ivcs  from  sensitised  cor|)Uscle« 
their  power  of  absorbing  alexin.  All  the  facts  appear  to  be  irrecon- 
cilabk?  viith  Ehrlich's  theory,  and  tend  to  prove  the  general  thesis 
tltat  atitftoxins  (or  other  antibodies)  are  not  asstmiiated  by  the  recep- 
tors thai  jix  their  respective  toj:ins.  We  consider  them  all,  whether 
acting  against  bacterial*  vegetable  or  animal  toxins,  as  suh^tancts 
of  the  same  nature  arid  of  a  common  cdlular  oritjin,  in  the  same  gen- 
eral category  arid  with  inarkiifl  similarity.  If  the  reerptnr  tht^ry 
were  true,  the  various  antitoxin.^  would  Ito  unil^il  by  /w  analogy, 
since  it  woulil  seein  reasonable  that  the  receptors  attacked  by 
various  toxin.s  masfc  be  widely  different,  according  to  the  nature 
anil  proix.'rty  of  the  [jinsori  in  question. 

Ehdieh  and  Morgennith  have  given  over  the  larger  part  of  one 
memoir  to  a  consideration  of  the  antisensitJRers.t  the  importance 
of  whinh  is  essential  to  partisans  of  the  lateral-i'liaio  theory.  This 
article,  indeed,  is  on?  of  thohE'  that  have  most  r^ontributeil  to  make 
this  conception  acceptable  and  to  otTer  the  moat  convinc^ing  argu- 
ments iif  its  accuracy.  Tlie  facts  brought  forth  in  this  artiele  are 
in  direct  opposition  to  our  own  and  must,  therefore,  be  w.msidcred. 
We  shall  first  of  all.however,  deal  with  an  article  recently  puhlisheti 
by  Morgenroth4 

*  If  wc  vere  to  accept  the  ideas  of  the  Ehrlich  ocboo^  and  particul&rly  the 
ideas  thnt  the  sPDsin'Ker  rambineti  with  tlm  nl^^xin  ktid  that  enrli  propmy  niani- 
tested  Ly  a  aiilMlacoo  ia  cvidencod  bj'  a  pzLrticular  ^roupiDg  in  Xhc  molecule,  one 
tai^lit  say  that  Cho  antiaensitJEcr  sboulJ  unite  oitJy  niih  the  cytoptiilic  ^oup  of 
tbe  aaoaitiscr  and  oot  nitli  its  camplemeiiLiipliilic  group.  There  ia  uu  eipeH- 
mental  evidence  for  thia. 

t  SJudfpeon  Immunity,  Ehrlich- Bold uan,  John  VVilcy  ftnd  Sons,  p.  3S, 
I  Morgpnroth.    Knmplempnifll>l4*nkiing   durch  hamolytiwhe  AmboKptoren, 
Centralbbtt  ftir  Bakt.,  XXJtV,  lW>4j  501. 
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The  hypothesis  of  "eomploraent  deviation"  (Komplemenlablen- 
kuiig)  fcnnulated  to  explain  the  observatioos  of  Nelsser  and  Werhs- 
berg  on  the  inhibiting  influence  of  too  large  an  amount  of  sensitizer 
on  bacteriolysis  when  the  amount  of  alexin  L^  relatively  small,  is 
well  known  •  It  has  been  claimed,  withouin  direct  demons t ration 
that,  since  the  bacteria  in  such  an  experiment  cannot  absorb  the 
Jar^e  amount  of  scnsitiiep^  t!ie  excess  remaining  in  the  Buid  unites 
with  the  alexin  and  monopolizes  a  larger  or  smaller  part,  of  it,  so 
that  it  doca  not  attack  the  bacteria.  It  is  rather  strange  that  the 
inhifcuting  cfTect  of  an  excess  of  senEsitiaer  has  never  been  noted  In 
hcniclytic  experiinent.^,  and  Morgenroth  hoa  attempted  to  fill  this 
rather  important  gap  in  the  theory.  He  admits  in  the  fin?t  place 
that  hemotoxic  sensitizera  must  first  be  combined  with  the  recep- 
tors of  the  appropriate  corpuf^cles  in  order  to  show  any  marked 
affinity  for  the  alexin. t  Consequently,  in  a  mixture  of  corpuscles, 
alexin,  and  too  large  a  dose  of  sensitizer,  the  excess  of  the  latter 
substance  remaining  free  in  the  fluid  cannot  take  up  the  alexia 
because  it  needs  corpuscle  receptors  in  order  to  become  a%'id  of  the 
complement.  The  introduction  of  these  receptors  is  necessary  to 
produce  complement  tieviation-  On  the  supposition  that  the 
antisensitizer  is  identical  wilh  corpuscle  receptors  as  far  as  affiniticfl 
are  concerned  {since  they  both  possess  the  same  haptophore  group, 
according  to  the  lateral-chain  theory),  Morgenroth  conceiveil  the 
idea  that  a  mixture  of  sensitizer  and  antisensitizer  should  be  able 
to  fix  a  certain  amount  of  alexin.  Such  a  mixture  should  act,  in 
oilier  wonis^  precisely  as  we  liave  shown  X  that  fsensltizer  and  cor- 
puscles do,  tliat  is>  ahoukl  absorb  alexin  energetically.  It  is  evident 
that  if  these  two  auljstances  —  corpuscli?  receptors  and  antlsen- 
tfitizer  —  are  considerei-i  as  identical  the  aililition  of  either  one  of 
them  to  a  mixture  of  sensitizer  and  alexin  shoulil  bring  al>out  the 
fixation  of  a  certain  amount  of  the  active  substance  and  conse- 

"  Studica  on  lirimuaity.  EhrUoh-BoJduiui,  John  Wi[i?y  and  Sone.  p.  120,  See 
oho  iQ  tliid  couDccciou  Ihia  volume,  p.  'AA7^ 

t  It  ma ]^  well  lH>i:[uestioned  wbj  ELDlimirrabial  seasitiier^  aboilld  not  besubjiwt 
to  the  aatqp  Dcccasily.  It  id  ccrtam  tUut  if  the  experiment  Lad  turned  out  tho 
other  wa/n  i^vxl  ia  to  say.  if  the  pbenumenon  of  cumpleiutnt  df^viiiljaa  lia^E  htxn 
foonij,  not  in  bacteriolyais,  but  in  hemolyBJ?,  ibat  Cbesami^e^laniLCion  wotiLd  bave 
been  f oiibcomiDg ;  it  would  fiimply  have  beeo  Dec^ssory  tc  apply  tt  to  tbo  othor 
iiurtajxce- 

t  Sh  p.  191. 
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quently  diminisb  the  hemolytic  power  of  the  fluid.  Sensitized 
corpuscles,  therefore,  used  as  a  reageat  for  the  destructive  power^ 
would  be  Jess  likely  to  be  hcmolzycHl  when  a^ldetl  U^a.  mixture  of 
alexin,  anti^easitizer  and  sensitizer,  thftn  when  added  to  a  mixture 
of  autisciisitizer  and  alexin  without  scnsitiacr.  This  difference 
would  bo  due  to  the  fact  that  in  the  first  instance  part  of  the  alexin 
would  be  consumed  by  the  complex  ''eensilizer-antisensitizcr/' 
whi^^hact^  preciaeiy  a^  doea  *'sea^iti7.er'Corpu:3L'lc/'  since,  according 
to  Morgcnroth,  the  terms  antiaensitizer  and  corpuscle  receptor  are 
synonymous. 

Experiment  confirms  Morgenroth's  expcctationsp  By  mixing, 
in  carefully  chosen  pro|X)rticns,  guinea-pig  alexin,  rabbit  >  ox 
sensitizer  (56  degrees)  and  goat  >  rabbit  serum  {50  degrees)  it  may 
be  shown  that  the  alexin  does  not  remain  free.  If  sensitiBcd  cor- 
puscles are  subsequently  a^idefi  to  such  a  mixture  and  at  the  same 
time  to  another  similar  mixture  without  the  sensitizer,  hemolysis 
appears  in  the  second,  but  not  in  the  fiRt. 

Mnrgenroth,  however,  does  not  prove  that  the  results  are  really 
due  to  the  substance  which  he  holds  responsible  for  them.  There 
Ls  no  pnDof  that  the  disappearance  cf  alexin  is  due  to  its  rombifia- 
tioii  with  the  rabbit  >  ox  sensitizer  united  to  the  reeeptnrs  of  anti- 
sensitizer.  To  prove  that  it  is  this  sensitizer  that  uses  up  the 
alexin,  a  control  shouhl  have  Ijeen  made  to  show  that  the  same 
result  is  not  obtaine'l  in  a  mixture  of  alexin,  antisensitizer,  and 
an  iiUEnune  serum  that  lias  been  alreaily  deprivetl  of  ita  specific 
aeuKitizer.* 

It  seems  to  us  that  Murgenrtith's  phenomenon  should  be  explained 
differently-  In  addition  Lu  the  alexin  there  are  two  sera  In  the 
cxperimect  to  be  considered.  The  first  (antisensitizer)  has  been 
obtaine<l  by  injecting  gunts  with  the  second  serum,  namely,  of 
rabbits  inniiunizeil  with  ox  corpuscles.  The  firat  is  certainly  anti- 
sca^itizing  for  the  second  Jn  the  sense  that  it  neutralizes  its 
specific  sensitizer.  But  from  another  standpoint  it  may  be  re- 
garded as  sensitizing  for  the  same  serum,  anil  this  fact  ftlorgen- 
roth  does  not  take  into  account-  The  antiserum  (t^erum  1)  is 
from  animals  injected  with  alien  serum  (semm  II),  and  in  tl 
respect  should  sensitize  serum  II  if  we  consider  this  eemm  simply 
*  Or  LQ  a  mixture  vl  alf^lu.  aatiBeDaitucr  iind  aormul  mlibU  $cnim. 
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&s  a  solution  of  albuminous  subsLanties,  precisely  as  the  serum 
of  animals  vaerinated  witli  milk  sensitizes  milk;  in  olhi*r  wnrtla, 
confera  on  certain  of  the  cnnstlttjents  i>f  inilk  a  power  to  ah- 
sorb  alexin.*  Gengou  h&s  ilenionstraled  the  interesting  faet  (hat, 
"anli-ulbariiiuoiB  aetitii timers/'  similar  (o  antimiE-robial  ur  anti- 
hematic  sensitizers,  may  be  obtaineil,  which  have  a  similar  power  of 
fixing  alexin  when  unite*!  with  the  antigen.  Gengou  provwl  the 
eiislenoe  of  surth  scnsitizerej  not  only  in  the  serum  of  animals  im- 
munized against  milk,  but  also  in  the  serum  of  animals  treated 
with  an  alien  serum.  Such  ao  antiserum  plays  an  obvious  r6!e 
in  Morgenrotli's  eicperiments.  We  are  justified  in  supposing,  then, 
that  the  alexin  aljsorption  is  brought  about,  not  by  a  union  of  anti- 
seositizer  with  sensitizer,  but  simply  by  certain  sensitized  albumin- 
oids of  the  rabbit  >  ox  serum. 

Morgenroth's  conclusion,  therefore,  is  not  acceptable  in  the 
present  state  of  our  knowledge.  Aa  far  as  we  are  concerned,  the 
theory  of  complement  deviation  by  amboceptor  (sensitizer)  is  a 
myth.  Wc  have  already  stated  that  an  identily  of  reccplora  with 
antibodies  cannot  bo  admitted.  It  is  not  only  incompatible  with 
our  own  results,  but  receives  no  experimental  confirmation  from 
the  work  of  Pfeiffcr  and  Friodbcrgcr,  who  are  zealous  upholder  of 
EbrUch's  lheor>\ 

Wc  may  note  in  passiug  that  Morgrnroth  has  not  noticed  in  his 
experiments  that  his  antisensitizer  can  cure  aJrca^ly  sensitized  cor- 
puscles. In  this  his  result  dilTers  from  our  own;  but  wc  uac<l  a 
different  antiserum.  The  question,  however,  properly  arises  as  to 
whether  the  lavish  use  of  normal  salt  solution  (whith,  as  we  have 
seen,  tends  to  annul  corpuscle  protection  to  a  great  extent  and 
should  therefore  be,  as  much  as  possible,  eliminated  from  hemolytic 
experiments +)  has  not  affected  the  accuracy  of  this  author's  obser- 
vations. 

Let  us  now  consider  as  briefly  as  possible  Ehrlich  and  Morgen- 
nilh*8  iileas  on  antisensitizers  as  stated  in  their  sixth  memoir  on 
hemolyjds. 

Thei^e  authors  employ  an  immune  serum  from  rabbile  ininm- 
nized  against  ox  blood-  They  find  that  this  serum  gives  hemolysis 
with  various  alexins  and  particularly  with  those  of  the  guinea-pig 
*  See  Gengou.  p.  241.  +  S«  aIso  Gay,  p,  333- 
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and  the  goat.  They  find,  however,  that  wheo  they  use  goat  alexia 
the  corpuscles  must  be  more  hcaviiy  sensitized  (that  ia,  more  heated 
immune  scrum  added)  than  when  they  use  guinea-pig  aifxio.  The 
fact,  however,  is  not  surprising.  It  is  well  known  that  the  alexins 
from  different  animals  are  not  strictly  identical;  and,  since  they 
differsomewhat,  it  would  be  strange  indeed  if  they  had  equal  hemo- 
l>-ti<^  power  for  a  given  blood  cell »  and  it  is  not  a-sioniahing  tliat  the 
e^irpuscles  have  to  be  mode  more  ■vulnerable  by  a  heavier  sensitiza- 
tion in  order  For  some  alexins  to  destroy  them,  whereas  a  weak 
sensitization  suffices  with  other  alexins.  Ehrlich  and  Morgenroth» 
however,  reject  sn  sirnitlp  an  explanation-  They  think,  rather,  tliat 
the  immune  serum  contains  two  (or  more)  distinct  sensitizer;,  ''x" 
and  '*y";  the  one  in  greatest  abundance  (x)  ia  very  efficient  with 
the  guinea-pig  alexin,  but  finds  no  fit  complement  in  the  goat  serum; 
this  first  srnsitiz(»r.  then,  has  nothing  to  tlo  with  an  hemolysis  caused 
by  goat  alexin.  This  alexin,  however,  suits  the  second  sensitizer 
(y)  of  thes4?rurii  very  well,  bul^ since  this  *'y  "  w  present  in  relatively 
Bmnll  aiuounts.  a  large  amount  of  immune  werum  must  be  used  when 
goat  alexin  U  empioye<L  Let  us  accept,  for  the  sake  of  argument, 
this  iiiea  of  the  multiplicity  of  sensitizers  in  a  given  immune  senim 
in  spite  of  ifw  improhafiilily,  and  go  on  to  the  next  j>oinl. 

Ehrlich  and  Morgenroth  have  a  second  serum,  an  antiserum 
from  goats  obtained  by  immunizing  them  with  rabbit  >  ox  immune 
serum,  which  latter  serum  it  neutralizes,  Firet  of  all,  they  add  to 
a  large  dose  of  this  antiserum  (Dose  A,  let  us  say)  a  small  amount 
of  rabbit  >  ox  serum  and  then  acid  ox  corpuscles.  These  corpus- 
cles are  then  washe<l  and  guinea-pig  alexin  atldeil  to  them.  There 
ia  no  hemolysis,  showing  that  the  sensitizing  jwwer  has  been  abol- 
ished by  the  antiserum.  Their  conclusion  is  as  foUo^ra:  The  anti- 
serum is  antitoxic  for  sensitizer  **x"suital)le  for  guinea-pig  alexin. 

Ehrlich  and  ftlorgenroth  tlien  perform  a  second  similar  experi- 
ment, using  in  this  ia'^tance  goat  alexin.  Under  these  enndiiions 
the  antiserum  apparently  does  not  protect  the  corpuscles  and 
hcmolyj^is  occurs.  This  is  the  conclu.-^ion :  The  antbensitizer  is 
so  specific  that,  although  it  can  neutralize  sensitizer  "x,"  it  has  no 
effect  on  sensitizer  "y,"  which  is  particularly  sdled  to  goat  alexin. 
This  fact  goes  to  show  that  there  are  indeed  two  distinct  eensitizors- 

Their  second  experiment,  however,  differs  from  the  first  in  an 
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important  detail.  Inibucil  with  iho  Mca  that  the  rabbit  >  ox 
immune  scrum  contains  only  a  Jrmall  amount  of  ''y*'  suitable  for 
goftt  alexin,  Ehrlich  and  Morgcnrolh  think  it  indispensable  to  mix 
^vith  the  given  dose  A  of  antiserum,  a?,  in  the  first  experiment,  a 
rauph  larger  amount  of  rabbit  >  ox  immune  serum  than  was  used 
in  the  firet  instance.  They  (hink  this  teehnie  is  juatifiwJ  because 
even  a  large  amount  of  the  serum  would  contain  only  a  small 
amount  nf  the  "y"  which  is  to  be  tested  against  the  antiaerum  and 
is  alone  of  importance,  since  it  is  the  only  sensitizer  that  can  hemt^ 
lyac  the  corpuscles  in  conjunction  with  goat  alexin.  They  do  not 
consider  that,  in  adding  this  exee-ss  of  immune  senmi,  they  introduce, 
not  only  a  large  amount  of  specific  sensitizer,  which  is  the  only 
subataDce  they  have  in  mind,  but  also  a  large  amount  of  normal 
sensitizers,  which,  as  we  know,  monopolize  a  greater  part  of  theanti- 
sensitizing  power  and  so  prevent  the  specific  sensitization  from  being 
neutralized  by  the  antiserum.  Of  course  under  these  conditions 
the  corpuscles  are  hemolyzed,  A  small  amount  of  normal  serum 
would  have  l)een  ja-^t  us  effeclive  in  hiding  the  antisenaitiaing 
effect  a.'*  wjls  (he  exiress  of  immune  serum.  Under  such  conditions 
no  corpuscle  protection  would  have  been  evident  even  if  guinea- 
pig  alexin  were  usevi  Jn^slead  of  gim(  aU'xin.  Ehrlich  and  Morgen- 
mth's  lalmnoua  considerations  on  the  nature  (if  antisensitlzers, 
on  the  nadtiplicity  of  antibodies^  and  particularly  on  the  multi- 
plicity of  rtensilizere  in  a  given  immune  serum  le^i  to  an  incorrect 
conception  of  the  experimental  resiilts.  It  is  evident  from  this 
example  tfiat  the  logic  einployetl  in  Llefending  the  lateral-chain 
theory  is  far  from  unassailable;  indeed,  m  certain  instances  it  ia 
open  to  severe  criticism  and  cannot  be  accepted  without  argument. 
Tfieoriea  of  passiie  immunity.  —  The  immunity  conferref!  by 
injecting  pre\"entive  serum  presents  certain  peculiarities  that  have 
recently  jittrairteil  considerable  attention.  It  was  formerly  thought 
tliat  the  animal  that  recelveil  antitoxin  and  benefited  from  it 
acted  simply  as  a  passive  recipient  without  any  reaction,  or  the 
elaboration  of  any  antagonistic  substance  even  when  the  serum 
injected  was  from  an  alien  ^?pecies,  Tbe  fact  tliat  the  duration 
of  passive  immunit}'  is  brief  wa.^  always  supposed  to  be  due  to 
a  gradual  elimination  of  the  antibodies.  This  was  the  general 
opinion,  which  we  ourselves  shared  when  we  demonstrated  in  1895 
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that  the  cQllabaration  of  two  tubstarites  was  necessary  for  the 
Ijacttriulysis  of  the  cholera  vibrio.  We  were  alJe  to  .satisfy  our* 
selves  that  an  anjioRl  itiimunized  with  cholera  serum,  and  thereby 
ftcquiriog,  as  Fraerjkd  niid  Stibemhein  s^howecl,  a  bact^^riolytic 
power  \u  their  body  Huitls,  owes  this  newly  obtained  power  to, 
first,  the  alexiD  already  present  in  the  nomml  aoimal,  and,  secondly, 
the  specific  sensitizer  in  the  injected  cholera  senim.  Tiie  bac- 
tericidal power,  then,  is  generated  in  the  fluids  of  the  treate<l  animal 
fts  it  is  in  a  test  tube  containing  fresh  normal  serum  on  the  addition 
of  a  little  anticholera  sensitizer.  In  either  instance  a  combination 
of  the  two  substances  is  requiroil.*  The  fad  that  the  immunity 
soon  disappears  is  due  simply  to  disappearance  of  the  sensitizer 
from  the  fluids. 

This  explanation  of  the  transitory  nature  of  passive  immunity 
is  doubtless  correct  in  those  instances  in  which  the  injected  serum 
come.^  from  animals  of  the  Bame  species.  But  it  has  been  noted 
by  several  observers  that  the  duration  of  the  immunity  is  rcnmrk- 
ablj'  short  when  the  scrum  is  obtained  from  an  alien  species. t 
Pfciffcr  and  Friedbcrger  offerc<J  the  plausible  hypothesis  in  the 
case  of  cholera  scrum  that,  when  passive  immunity  disappears  very 
rapidlyi  it  is  owing  to  the  fact  that  the  treated  animal  reacts  to  the 
vubstancea  injected  by  elaborating  antagonistic  substancca,  like 
anti sensitizers,  that  neutralize  them. 

The  question  may  well  arise  as  to  whether  animala  of  species  A 
inoculatetl  with  any  immune  scrum  from  spct-ics  B  (antitoxia*?, 
agglutinins,  latloscmm  and  so  forth)  do  not  form  antisubatanccs 
to  them^  comparable  t^  thc^e  that  ncutroUisc  hemolytic  sensitiEcra. 
As  we  have  noted,  Pfciffcr  anti  Frialberger  obtained  tin  anticholera 
scrum  and  t^chutzcf  has  obtained  an  antilactosenim.  Jvraus  and 
Ejflcnberg§  liave  made  systematic  studies  of  these  substances  and 
failed  to  fintl  in  the  scrum  of  treated  rabbits  substances  capable 
of  neutralising  the  diphtheria  antitoxin  or  the  typhoid  agglutinins 
present  in  specific  sera  from  the  horse.    Such  results  appear  irrecon- 

•  S«  p.  SO, 

t  9™  particularly  among  receot  articles.  ScliQiii.-,  Uebcr  iIju  Vcrecliwinden 
v^rachieleii^  ImiaunsenL  aostleui  lieriscben  Organismui.  FPBLocli.vdO  GBburc- 
Btog,  V.  R,  Kochi  p-  657, 

t  flclmtac,  LfeHiti-  klin.  Woobeu,.  IBOI,  Nu.  h^O,  1203. 

(  KnLua  and  Eisenberg,  Cent.  L  Bakt.  Orig.  XXXI,  1902,  20S. 
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Wiy  is  not  the  law  that  controls  these  phenomena  nitiru 
general? 

Tb  explain  the  contradietoiy  facts  in  harmony  witli  Ehrlich's 
theory  tlie  Following  exjiknfttion  has  l>een  ofTerftl:  DiphLheria 
antitoxin  anil  typhoiti  aggiutinids  have  affinity  for  only  sui-h 
receptors  as  occur  in  their  rf»spe(;tivemifii>orgaiiisiiLs.  It  is  ntttural, 
then,  that  these  substances  shoukl  renmin  free  in  the  injected  animal^ 
sinee  they  find  no  appmpriate  receptors;  as  these  receptors  are 
lacking,  they  are  not  re[irot(uce<.l  ami  consetjuently  no  active  anti- 
serum is  ftiniitil.  It  tuight  be  objeetetl  that  if  thifi  explanation 
were  true  that  ProilTcr  anti  Frietlborger  would  have  obtainetl  no 
antiseniiitiaer  to  cholera  serum.  But  this  objection  eoulil,  in  turn, 
be  answerer!  by  saying  that  althaugh  the  injected  animal  has  no 
receptors  Ideiilica!  with  those  of  typhoid  or  diphtheria  bacilli 
and  consequently  fitted  to  fix  the  active  siitstanoe^s  that  affect 
theee  organisnis,  they  do  possess  receptors  similar  to  those  of  the 
cholera  vibrio.  If  the  experiment  had  turned  out  the  other  way, 
that  is  to  aay,  if  an  antityphoid  serum  had  been  obtained  more 
easily  than  an  anticholcra  serum,  the  converse  explanation  of  the 
respective  absence  or  presence  of  receptors  could  have  been  offered. 
In  short,  whether  an  antiserum  U  obtained  or  not,  the  receptor 
theory'  is  upheld;  in  unfavorable  eases  reccptorc  ore  lacking;  in 
favorable  casee  they  arc  present.  IVhatever  happens,  the  uec  of 
the  l^mi  "receptoi^"  makes  the  facts  easily  explicable. 

Another  explanation  of  these  divergent  results  may,  however,  be 
offered.  As  we  have  already  seen,  the  aerum  of  a  guinea-pig  im- 
muniaed  against  rabbit  serum  neutralizes  the  various  spccitie 
scnaitiaers  from  the  rabbit  indifferently,  and  also  the  nonnal  sen- 
sitizen*  (or  substances  of  thL'^  nature)  in  normal  rabbit  t^eruni.  And, 
whati^  more,  asinglc  given  an tiscnsitiaer  confers  all  these  antagonis- 
tic powers  on  the  antiserum  or  i^  able,  in  other  wonb,  to  show  these 
varioa*  affinitica  by  uniting  with  the  varioud  sensitizers. 

It  follows,  therefore,  that  to  neutralize  a  given  specific  sensitiaer 
(e,g.,  rabbit  >  ox  sensitizer)  economically  by  means  of  an  anti- 
serum it  is  well  to  have  the  sensitJEer  in  a  relatively  pure  condition, 
without  aiimixture  of  other  aen^sitizere,  before  treating  it  with  the 
antiserum.  Under  these  condiliona  the  neutralising  effect  oF 
tht!  antiserum  Is  directed  only  again.'^t  the  een&itizcr  in  question- 
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This  purificatioQ  of  the  sensitizer  is  accomplished  in  our  experi- 
ments in  whieli  we  have  used  corpuscles  treate<l  with  their  specific 
serum.*  If  this  precaution  is  neglected  by  mixing  the  whole 
imruune  serum,  whicfj  contains  other  analogous  &ubstances  in 
flildition  to  the  specific  scnsitizcrj  wiLh  the  antiserum  in  the  firat 
place,  the  neutralizing  effect  is  wasted.  When  we  atJd  to  our 
seiisitizea  corpuscles,  either  before  or  after  mixing  them  with  anti- 
serum, nonnal  sensitizers  In  tlie  fonn  of  normal  rabbit  serum,  5<i 
degrees  (or  indeed  rabbit  >  ox  serum  deprived  of  its  specific  sen- 
sitizer by  contact  with  ox  curpuKcles)  tbdr  cure  is  gravely  cora- 
promised,  since  the  neutralizing  power  of  the  antiserum  ceases 
to  be  concentrated  on  the  aensitiaer  affecting  the  corpu&clfts.  If^ 
therefore^  the  mixture  is  made  in  the  usual  manner,  antiserum  and 
whole  immune  serum  containing  the  specific  sensitizer  (or  anti- 
toxin or  agglutinin,  for  these  remarks  are  apparently  apphcable 
to  any  of  the  antibodies)  to  be  neutralized,  the  chance  of  obtaining 
a  neutralization  depends  on  the  relation  «/  specific  and  normal  &en- 
sUiser  content  in  the  imtnune  senwi.  The  greater  the  relative  amount 
of  normal  sensiliaers  the  less  the  specific  sensitizer  will  be  afTectetl 
by  the  antiserum,  so  that  its  neutralization  may  be  practically  nil. 
And  if  the  antiaensitizoi^ — or,  one  may  say,  the  anti-antitoxins — 
arc  found  to  be  of  relatively  little  potency  or  practically  negative, 
it  is  due  at  lca£t  in  part  to  the  fact  that  not  all  their  activity  is  evi- 
dent. TMion  wo  expect  to  rieutraliKC  a  ^vcn  immune  body  in  an 
immune  scrum  we  do  not  coneider  that  oncrgj'  may  be  exhausted  in 
saturating  other  substances  that  are  not  taken  into  account  in  the 
experiment  and  of  the  presence  which  we  may  actually  be  ignorant. 
It  would  be  strange,  indeed,  that  the  relative  proportion  of  norniaL 
and  specific  sensitizers  should  be  the  same  in  all  immune  sera  from 
no  matter  what  animal  species.     It  must  be  expected,  then,  that 

*  It  would  be  desirablp,  to  he  aare,  U>  obtain  pure  wnaitUer  in  some  other  way. 
It  wculd  thcD  bcpoEsibtc  to  trtut  it  with  luitiecrum  before  It  was  unilnl  witb  the 
blood  cells.  Hitherto  such  a  separation  li&a  not  been  possible,  oltUougli  tt  would 
b«  tbeoretiealJv  belter  than  r.hc  method  we  have  emftoyed.  It  ia  LDiJ<?cd  poBsib|« 
thftt  tho  nQtiBciiQitLBcr  should  show  do  prcvt^otivc  uctioa  on  pure  scafiitisEcr, 
allliougli  it  can  ciire  sensitmed  corpiiscles.  It  wouli  aeem,  indeed,  from  our 
«Tp«rimrntA  that  there  ia  hotdc  struggle  belweea  tho  affinity  of  the  Bcnsitizer  for 
the  corpuscle  on  the  ono  hnnd^  and  Tor  the  aatiBooaitucr  on  the  other-  AelJ  it 
may  be  lliat  In  certain  coAtd  the  combjnatiijii  Lielweea  Bennitiser  aad  corpUfldQ 
may  be  so  stable  m  to  prevent  any  curative  action  by  no  antiserum. 
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an ti-anti bodies  are  not  always  detectable  experimentally,  which 
may  account  in  part  for  the  variation  in  results.  There  arc  diitoreiit 
affinities  to  be  considered  in  these  cxperimcnta.  There  is  the 
affinity  of  the  anti-antibody  for  the  specific  Eintibody  and  for 
the  normal  antibody,  and  then  there  is  the  affinity  of  the  antibody 
for  the  aenailive  cell  used  a^  reagent.  The  suaeeptibility  of  thia 
reacting  cell  must  aLio  be  taken  into  account.  The  net  result  from 
these  factors  varies,  and  yet  ia  the  only  result  that  we  take  into 
coa^ideration.  The  laws  that  govern  these  phenomena  may  in 
reality  be  general,  although  the  apparent  reaulta  differ.  The  study 
of  immunity  h  full  of  siieh  intstajn^e-s.  It  is  a  genera!  rule  that  the 
injection  of  l)aoteria  givt^  lise  to  sensitizersj  and  these  senaitizera 
increase  the  destructive  power  of  the  aJexin.  It  is  exceptional, 
nevertheless,  that  the  immune  serum  obtained  in  this  way  is  strongly 
bactericidal  for  the  specific  bacterium;  and  why?  It  is  due  to  the 
fact  thatr  although  there  arc  certain  bacteria  that  are  so  delicate 
as  to  be  destroyed  by  imnmne  sera,  the  majority  of  them  are  resist- 
ant and  au^er  no  injury  from  the  serum  in  a  suitable  medium^  as 
MetehnikofT  has  shown  by  numerous  examples. 

When  we  inject  animak  with  immune  serum  in  the  hope  of 
obtaining  an  anti-antibody  we  naturally  think  of  the  animaf  as 
reacting  particularly  to  the  antiboily  that  we  are  studying.  If 
the  experiment  succeeds^  as  is  the  case  with  cholera  senini,  and  if 
we  believe  in  Ehrlieh's  tlieory,  we  conclude  that  the  animal 
has  fonned  an  anticholera  serum  owing  to  the  reproduction  of 
receptors  analogous  to  those  of  the  cholera  vibrio.  Bjt  this  con- 
ception does  not  represent  the  true  state  of  affairs.  If  the  cholera 
sensitizer  is  neutralized,  it  is  not  on  account  of  its  specific 
peculiar  qualities  and  simply  because  it  afleetfi  the  cholera  vibrio. 
If  it  is  neutralized  it  is  not  owing  to  any  ''personal  equation,"  so 
to  speak,  but  simply  because  it  belong  in  common  with  all  sensi- 
tizers (and  pn^bably  also  all  antitoxins)  to  a  group  of  substances 
bebn^ng  to  species  A,  which,  on  injection  into  species  B,  cause  a 
reaction-  To  speak  colloquially,  we  might  say  that  the  injectCLl 
animal  is  not  concerned  as  to  whether  it  is  given  antiixhiies  that 
affect  tetanus  or  diphtheria  toxin,  or  thoso  acting  on  cholera  or 
typhoid  bacilli ;  haptophore  groups  of  toxins  and  receptors  of  bacilli 
do  not  particularly  appeal  to  it. 
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Antibodies  belong  si rnjjly  to  a  group  of  at-tive  substances  in  sera. 
The  only  affair  of  the  treated  aninjal  is  to  react  against  certain  or 
all  inenibeis  of  this  group,  representing,  as  they  do,  an  alien  sub- 
stance. Nor  must  it  be  lost  sight  of  that  in  injecting  immune 
serum  we  inject,  not  only  specific  antibody,  feu/ ?u»r?nc^  serwnasu^L 
It  is  simply  the  unaccustomed  presence  of  all  these  foreign  sub- 
stances that  leads  the  animal  to  form  an  antagonistic  substance, 
and  as  a  result  this  substance  is  not  strictly  specific,  Suufi  an 
antiserum  may  be  used  to  protect  bacteria  or  various  kinds  of 
blood  cells  agmnst  the  respective  antibodies  oblalned  from  the 
same  animal  spceics.  Since  the  antibodies  obtained  by  immunizing 
vFith  nonnal  scrum  will  neutralize  any  antiboiiy  from  the  animal 
species  corresponding  to  the  nonnal  serum  employed^  it  is 
obvious  that  It  acts  on  the  entire  category  of  substances  in  this 
serum* 

Theoretically,  at  leaflt,  we  might  expect  that  on  animal  would 
react  more  violently  on  injection  of  tosic  immune  serum  specific 
for  its  own  blood  cclb*  This  comJition.  however.  Is  not  indis- 
pensable in  order  to  produce  a  reaction,  as  is  reasonable  when 
we  consider  that  nonnal  scrum  frequently  has  a  harmful  effect  on 
animals  of  a  different  species. 

When,  however,  an  animal  ia  injected  with  a  specific  immune 
serum  acting  on  bacteria  or  cells  that  have  nothing  in  common  with 
the  vaccinatfti  animal,  and  as  a  result  an  antiserum  is  formcl  that 
neutralizes  the  injectai  antibody,  there  is  no  legitimate  reason 
for  ua  to  conclude  that  there  is  any  nec^ssarif  idcviily  or  even  relotion 
in  the  composition  of  this  animal's  cells  and  the  substances  (bac* 
teria,  celLs,  or  bacterial  products)  against  which  the  S(?rum  in- 
jeelfd  is  specific.  Then*  h  no  reawon  for  intrtxlucing  the  cnn- 
ceptinii  of  common  receptors.  As  a  matter  of  fact  the  antlstrum 
obtflincfJ  uivler  these  conditinrus  dots  not  differ  from  that 
obt^neil  on  injer.ting  mmnai  serum;  we  repeat  that  it  acts  india- 
criminatingly  on  any  of  the  active  substances  present  in  the  foreign 
serum. 

We  heheve,  then,  that  the  rapid  disappearance  of  passive  immunity 

•  It  may  bo  noted,  Howctjt,  that  Kraua  and  Eiseoberji;  did  nob  obtain  «Qy 
deiecLahk  active  ontieerum  cD  LOJccUof  doga  wit^  an  immuite  seruiD  active  for 
dog  corpuaclea. 
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afforded  by  the  injection  of  an  alien  seniin  should  be  attributed,  as 
anile,  lo  theaeerelbu  of  antagonistic  substances.  The  fact  that 
this  subetancG  is  not  easily  detectable  experimentally  i^  due  to  its 
inhibition  by  certain  of  the  conditions  to  which  reference  has  been 
made.  Such  conditions  depend  on  the  dosea  used  and  the  relations 
of  affinity  between  the  substances  that  take  part  in  the  reaction, 
In  90  Far  as  dosage  is  concerned^  it  should  be  noted  that  the  amount 
of  immune  serum  aciministeretl  for  passive  immunity  is  ver>'  Gtnall 
in  proportion  to  the  volume  of  blootl  in  the  recipient;  under  such 
conditions  the  antagonistic  power  that  soon  develops  has  greater 
chance  to  manifest  itself  than  in  test-tube  experiments^  where  the 
tendency  is  to  minimize  the  amount  of  antiserum. 


Conclusions, 

The  study  of  an  antiserum  obtained  by  injecting  animals  of  species 
A  with  the  normal  scrum  of  species  B  ^vea  rise  to  the  following 
remarks: 

L  Various  red  blood  cells,  ecn^itized  each  by  its  appropriate 
heated  hemolytic  scrum  obtained  from  an  animal  of  species  B, 
lose  their  acnsiLization  to  alexin  when  treated  with  the  antiserum, 
The  sensitization  is  generally  diminished  rather  than  completely 
abolished;  it  mayt  indeed,  frequently  be  demonstrated  when  the 
corpuscles  are  placeil  in  a  medium  which  tends  to  diminish  their 
resLstance,  for  example  in  salt  aoiution. 

II.  It  is  not  necessary  in  obtaining  an  antiserum  that  neu- 
tralizes various  specific  sensitizerSf  obtained  in  each  instance  from 
an  animal  of  species  B,  to  inject  animals  with  the  respective  specific 
sea'^iti^ers,  but  simply  with  nurmal  scruui  from  s|H"ci&s  B. 

in.  The  power  of  this  antiserum  to  neutralise  various  s|>ecific 
senrtitiaers  a.s  well  .-w  the  nonnal  antibfhlies  (or  senr^itisers)  in  B 
fienim  may  be  attrlbutwl  to  the  prraence  in  this  antiserum  of  a 
single  antispnsitizer.  There  is  no  need  oF  assuming  the  existence 
of  a  multiplicity  of  antLsensitizers.  As  far  sa  the  action  of  anti- 
sensitizer  is  conoernwl,  there  is  a  closer  relation  between  sensitizers 
frooi  the  same  source  acting  on  different  cells  than  between  sen- 
sitizers from  different  sources  acting  on  the  same  cell. 

IV.     The  antisensitizer  is  used  up  in  aeUng.    The  addition  of  sen- 
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sitized  corpusciea  to  ontiatTuin  removea  from  it  the  power  of  pro- 
tccting  additional  sensitized  corpuscles  either  of  the  same  or  of  a 
different  variety.  The  normaJ  senaitiaera  in  serum  B  also  neu- 
traliae  the  aotisemm. 

V,  The  antiserum  cures  senaitiaed  corpusciea  by  uniting  with 
the  sensitizer  that  is  fixed  on  tbem.  Corpuscles  protected  in  tha 
way  naist  alcxJc  activity  even  when  the  excess  of  protective  serum 
has  been  washed  away. 

VL  It  would  seem  as  if  the  complex  antiaensitizer-senHitiz  er- 
red blood  cell  were  broken  up  on  adding  normal  sensitizers  of 
serum  B  (i.e.,  normal  serum  or  immune  serum  deprived  of  specific 
sensitizers  by  contact  with  blco<l  cells),  because  these  sensitizera 
take  away  at  least  a  part  nf  the  antlsensitizcr  that  has  alreaily  been 
Ltmibineil  with  the  specific-  sensitizer. 

VII.  Tlie  power  in  normal  senim  B  of  inhibiting  the  cumtive 
effect  of  the  antLsemm  for  aensitizetJ  eorpaseles  resists  beating 
to  70  degrees,  but  not  to  100°  C.  Tt  is  not  presJent  in  aqueous 
humor  from  species  B,  It  has  previously  been  aseertainod  that 
the  aqueous  humor  of  vaccinated  animals  contains  no  spccilic  sen- 
si  tiacr. 

VITI,  When  antiserum  afifeels  the  sensitizer  attacheil  to  r9d 
blood  cells  it  removes  from  the  complex  the  property  of  fixing  alexin. 

IX-    The  identity  of  the  antibodies  of  nonnal  and  of  immune 

um  affecting  the  same  cell,  as  assumed  by  certain  writere,  must 
considori^d  jis  not  proved. 

X,  Ehrlich's  theory,  which  supposes  that  specific  antibodies 
are  itlentical  with  the  cell  receptors  that  combine  rt-ith  those  sub- 
stances against  which  the  animal  becomes  immunized,  is  erroneous. 
The  arguments  to  support  this  theory  obtained  from  the  study  of 
antiecHHitizers  are  not  sound.  The  thesis  that  a  given  hemolytic 
immune  scrum  contiuns  several  separate  specific  eensitizcTs  has  no 
experimental  juttification.  The  conception  of  complement  dc^'ia- 
tion  due  to  an  excess  of  sensitizer  is  purely  hypothetical, 

XI.  The  short  duralion  of  ttie  passive  imraunily  afforded  by 
injecting  an  immune  serum  from  on  alien  species  would  seem  to  be 
due  to  the  fact  that  the  recipient  generally  claboratc3  an  antago- 
nistic substance.  The  effect  of  this  substance  Is  not  directed 
especially  against  the  antibody  that  gives  immunity,  but  in  a 
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general  way  against  any  and  all  aensitizers,  normal  or  specific,  present 
in  the  alien  serum.  The  pixxluction  of  this  antagonistic  substance 
ia  not  in  any  way  dependent  on  the  identity  or  even  on  a.  close 
relation  in  composition  between  the  cells  of  the  animal  body  and 
the  substances  injected.  There  is  no  reason,  in  other  words,  to 
assume  the  existence  of  common  receptors. 


XV.    RESEARCHES  ON  THE  AGGLLTINATION  OF  RED 
BLOOD  CELLS  BY  CHEMICAL  PRECIPITATES  AND 
ON  THE  SUSPENSION  OF  SUCH  PRECIPI- 
TATES IN  COLLOIDAL  MEDIA* 


Bt  Db-  octave  GENGOU. 

CoUoidal  substances  play  so  importaot  a  rflle  in  vital  phenomena 
that  bioloRistw  have  been  frhllowing  wi  th  f^reat  interest  tbe  a^ivancea 
ma^Jc  by  chetuistry  and  physics  in  our  knowl&ige  of  these  substances. 
Any  analyEiaof  the  properties  of  organic  colic  ids  has  boeneTClrcmoly 
complicated  by  <>iir  ignotanec  of  their  composition;  for  this  reason 
we  have  resorted  to  such  information  as  may  be  gained  from  a 
study  of  simpler  colloids.  Wc  have,  in  ^ocral,  drawn  our  con- 
clusions as  regards  organic  colloids  from  the  rules  that  have  been 
drawn  from  the  better-known  reactions  with  inorganic  colloiils. 
One  of  the  best-known  phenomena  afforded  by  these  two  groups 
of  5ub:iitance.-5  la  a^lutination.  Works  dealing  with  this  phe- 
nomenon are  numerous,  and  the  recent  publicattona  of  Perrin  on 
colloidal  substances  have  stimulated  biologists  to  a  most  active 
study  of  it. 

Although  the  agglutination  of  bacteria  and  of  red  blood  cells  by 
sera  har^  been  investigatal  with  much  diligence,  the  essential  prin- 
ciples of  the  reaction  are  still  a  mystery.  The  apparent  analogy 
between  agglutination  and  the  precipitation  of  colloids  has  given 
rit-e  to  the  hope  that  a  careful  anaiywi.s  of  this  latter  phenomenon 
may  lead  to  an  explanation  of  agglutination.  The  work:^  dealing 
either  with  the  precipitation  of  colloids  or  the  agglulJnaticn  of  red 
blood  cells  by  suapenatons  (that  is,  by  colloiils  or  chemical  precipi- 
tates) have  been  very  numerous  since  the  publications  of  Perrin. 

Laodsteiner  and  Jagicf  were,  we  believe,  the  firet  to  draw  atten- 

■  RcchePchesaurrog^lulirmlitiridoaglohiileJsrcugcsimrlcapreDipit&chimiqiiea 
pi  9ur  la  Fi^iiapi*iLSJOQ  cle  cg;i  pnKip[t^  d&ns  ]ca  milieux  ccilloldAui.  AimiLlcadfl 
rindlilut  Fnar^ur,  XVTll,  IW4,  67K. 

t  Land^teber  Jind  Jagic,  Wicti-  klio.  Wocberuclu--,  1004,  Ncj.  3. 
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tion  to  the  fact  that  red  blooJ  cells  may  be  ag^utinatoJ  by  a  well- 
deficed  coUoiii,  namely,  by  colloklal  silicic  acid.  Shortly  afterward 
we  ouraeives*  reportal  examples  of  agglutination  aud  hemolysis 
of  red  blood  cells  by  raeanw  of  such  chemical  precipitatea  as  CaFl^ 
and  BaSO,.  Qiranl  Margin  and  Heurit  have  t^iace  stmlie'l  this 
question  in  a  very  exliauative  and  camfjl  mainner  mth  differeot 
colloidf^. 

As  we  bave  alreaily  demonstrate^,  certain  chemical  precipitates 
as  well  sa  colloids  agglutinate  r&.\  bltxid  cells,  pmvidal  the  latter 
are  washed  free  of  serum;  this  agglutination  is  followed  by  hemol- 
ysis, which  latter  phenomenon  we  have  referred  to  in  our  first  article. 
This  agglutination  and  hemolysis  is  inhibitred  by  the  presence  of 
even  very  small  amounts  of  serum. 

In  the  present  article  we  shall  consider  simply  the  agglutination 
of  corpuscles  8.n<\  at  some  later  period  lake  up  their  laking.  Mme. 
Girard-Mangin  antl  V.  Henri  found  that  the  agglutination  of  red 
blood  cells  is  brought  about  by  negative  as  well  as  by  positive  col- 
loids. Red  blood  cells,  however,  have  a  negative  electric  charge,  as 
is  shown  by  the  fact  that  they  are  depositetl  at  the  anode.  The 
fact  that  a  negative  emulsion  (corpuscles)  may  be  agglutmaied  by 
equally  negative  colloids  evidently  does  not  coincide  with  the 
general  ideas  that  wo  have  gained  concerning  the  action  oF  colloids 
having  effect  on  one  another  or  other  colloids  with  the  same 
electric  chaise.  A  mixture  of  coiloida  having  the  same  Electrical 
charge  indeed  causes  no  tlocculation :  both  coUoitb  remain  in  sus- 
pension,f  and  so  Mmc.  Girard-Mangin  and  V.  Htnn  did  not 
conclude  that  the  agglutination  of  red  blood  ceU^  by  colloidal 
aubstaocea  is  due  to  a  direct  interaction  of  thc^  aubstanceg.  They 
believe  that  this  agglutination  is  only  an  indirect  and  secondary 
affair;  they  think  that  the  corpuscle  ia  passive  in  the  phenomenon 
and  that  the  active  functions  are  exerted  by  the  colloidal  subslances 
on  the  one  hand  and  by  cndocorpuacuJar  salt^  liberated  by  the  cor- 
puscles on  the  other. 

It  is  true,  indeed,  that  certain  colloidal  substances^  as,  for  example, 
thoae  studied  by  Mangin  ami  Hcnrir  are  flocculataJ  by  electrolytes. 
When  red  blood  c^elLs  arc  left  in  normal  salt  solution  they  liberate 

■  Gensou.  Compte*  rendua <J<f  ['Aoad,  dca  Scicnew,  April  IX.  1004, 

t  Mme,  Girard-ManRJDiindV.  Heari,  Soc,  deBioL,  IDlM.  Xw.  I'J,  20>  31.24. 2B, 

I  Be&h,  I^ou,  Mayer  and  Stodel,  Soc.  i\e  Biol.,  190.'),  Dec.  19. 
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B  certain  part  of  their  salts  and  it  ia  perfectly  evident  that  these 
salts  in  the  amrse  of  tlieir  Jififiwion  from  within  the  blood  cells  will 
be  more  abuiidarit  in  the  peri  corpuscular  Boce  near  the  corpuscle 
than  in  the  fluid  l>etween  the  corpuscles  at  a  relatively  consicleral)le 
disLai^ce  from  the  corpuscles.  And  so  Mangin  and  Heuri  think  that 
colloidal  substances  mixed  with  a  suspension  of  corpusoles  will 
by  preference  be  precipitated  in  the  more  concentrated  pericor- 
puscular  zone. 

Following  this  firet  stage,  a  second  would  occur,  during  which  the 
panicles  of  colloidal  substances  that  ha%'e  been  flocculated  about 
tho  corpuscles  by  means  of  the  endocorpuscular  salts  would  col- 
lect into  masses  and  drag  the  corpuscles  with  them;  hence  would 
result  the  formation  of  masses  composed  of  colloids  and  oorpuscles. 

According  to  this  theory  the  agglutination  of  red  blood  cella 
by  colloidal  substances  depends  on  a  preliminary  precipitaLion  of 
these  colloids  about  the  corpuscles  by  means  of  the  diffused  electro- 
lytes from  within  the  corpuscles.  Ttie  corpuscles  renimn  quite 
paflsive  during  the  entire  phenomenon  and  arc  simply  brought 
together  by  means  of  the  collection  of  particles  of  colloidal  sub- 
stances  that  have  been  precipitated  about  thenL 

We  do  not  believe  that  the  phenomenon  of  agglutination  of 
corpuscles  by  colloids  should  bt>  interpreted  in  this  way;  we  think 
rather  that  the  agglutination  is  due  to  a  direct  action  of  one  of 
these  elements  on  the  other,*  We  think,  indeed,  that  we  are  justi- 
fied in  applying  the  coQclusioDs  drawn  from  the  facta  we  have 
obscrval  with  chemical  precipitates  to  the  agglutination  of  cor- 
puscles by  colloids.  According  to  the  opimon  of  Bredigf  these 
two  substances  are  of  the  same  order  and  differ  from  one  another 
simply  iu  a  variation  in  size  of  their  particles.  This  opinion  indeed 
is  shared  in  so  far  as  the  present  phenomena  are  concerned  by 
Lantisteincr  and  Jagic  J  and  by  Man^n  and  Henri. § 

It  is  to  be  nota:l  in  the  first  place  that  the  colloids  studied  by  these 
latter  authors  are  very  susceptible  to   flocking  by  electrolytesi 

*  It  iaevidont  that  tborc  isnodiflputfl  aboMt  tho  wcU-kaowD  octLon  of  saiti  m 
the  phcrLomenon  or  fu^IutirmLion  in  general;  wc  are  dcxling  bere  aimply  with  Ihe 
fuQCtiuu  altribulbd  by  Mun^iu  uLid  Hetiri  to  llit^  salia  lli^l  have  cliEIiJBed  from  tba 
ml  blood  fcIIb  on  their  3t*etutlii:ilioD  by  i?C}lk>ida 

t  Bredig,  Anorganispho  Fermonte, 

j  LaodBtdnpr  ct  Jaeic,  Miinch.  med.  Woch.,  No,  37,  1004^ 

I  Mme.  Girard-MbOjiu  et  V,  Ucnri,  Soc  d«  \^Uil.  So.  IB,  1901, 
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they  may,  therefore,  be  easily  flocculated  by  the  elcwtrolytes  diffused 
from  the  corpusolcs,  but  it  docs  ool  follow  that  this  explaaation 
serves  to  explain  their  agglutinating  power  over  corpusclea. 

It  b  not  essential  for  a  substance  to  be  precipitated  by  salts 
coming  from  corpuscles  in  order  that  the  agglutination  by  this 
substance  be  possible.  We  have  alrca^ly  noted  that  barium  huI- 
phato  agglutinates  corpuscles  rea4.1ily  and  barium  sulphate,  as  we 
know,  is  much  more  susceptible  to  gravity  than  it  is  to  electro- 
\ytes.  It  is  no  more  flocculat^l  by  a  strong  concentration  of  salt 
solution  than  it  is  by  distilled  water,  io  which  latter  solution  it 
soli  men  ts  rather  rapiiily. 

We  have  undertaken  to  determine  whether  a  fine  suspension 
that  IS  flocculaljle  by  electrolytes  can  subsequently  agglutinate 
corpuscles  after  having  been  flocculated. 

For  thLs  purpose  we  have  useil  calcium  fluoride,  which  is  a  pre- 
cipitate of  rather  colloidal  appearance  flocculable  by  O.S  per  CMit 
NaCl.  We  firiri  that  calcium  fluoride  that  has  been  previously 
floeeulalal  by  O.S  per  cent  or  by  2  per  cent  sotlium  chlori<lp  will 
still  agglutinate  corpuscles  in  O.fi  per  cent  salt  solution  quite  a-s  well 
as  if  it  were  in  suspension  in  distilled  water.  If  the  saline  eon- 
centration  is  increased  to  3  per  cent  the  ealcium  fluoride  so  treateil 
no  longer  agglutinates  as  well.  This  would  prove  simply^  accord- 
ing to  our  opinion,  that  the  very  dense  accumulated  masses  of 
colloidal  precipitates?  are  le*^  effective  on  corpuscles,  owing  to  the 
fact  that  with  such  masses  an  intimate  mixture  of  the  corpuscles 
and  the  calcium  fluoride  is  no  longer  possible.  When  the  maesos, 
on  the  contrary,  are  not  so  dense  (for  example,  CaFl,  in  sodium 
chloride,  O.S  per  cent  or  2  per  cent)  and  consequently  more  ea&ily 
broken  up,  the  effect  of  the  suspension  on  the  corpuscles  is  only 
slightly  attenuated.  We  should  not  conclude  from  these  facets, 
however,  that  the  agglutination  of  corpuscles  by  calcium  fluoride 
ie  possible  only  when  the  state  of  di^ociation  of  this  substance  is 
6uch  that  it  may  be  flocculated  by  the  salts  about  corpuscles  aa  they 
pass  out,  but  simply  that  the  greater  the  intimacy  of  mixture 
between  the  corpuscles  and  the  calcium  fluoride,  the  more  intense 
the  agglutination,* 

*  It  is  probable  thaL  the  R&mp  halda  true  for  tb«  calloidHi  aubstaacfs,  which 
bf^^m^dialmctly  1o4ejictiV4>,  an  Lhey  art  I es.g  easily  fFwcuIn tod  byclecfrolyrc^  Mme, 
GirorU-.Mangia  and  V.  Beorj  aoaerteJ  tlut  Qoccuiatod  coiluidB  oo  longer  Af^Juti- 
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If  colloids  are  Qocculatod  abctut  corpuscles  before  agglutinating 
Ihem,  OS  Mme.  Girard-Mangin  and  V,  Honri  Ihink,  such  a  concen- 
tration dcpcmU  on  the  difference  of  tialinc  concentration  between 
the  rich  pcricorpuficular  zone  and  the  rclativeh"  weak  fluid  between 
the  corpa^cle^^-  If  tliiii  difference  in  concentration  were  eliniinatetl, 
there  would  be  no  reason  for  the  colloids  to  ftocculate  about  the 
corpuscles,  and  consequently  the  agglutination  of  the  latter  by  the 
colloids  would  be  nil  or,  at  least,  very  much  diminishtil.  We  have  en- 
deavore<l  to  determine  whether  such  a  result  may  be  verified  experi- 
incntally.  Wc  introduce  in  a  large  volume  of  nonnal  saline  a  certain 
amount  of  well-washed  red  blood  corpuscles  and  allow  the  mixture 
to  stand  for  3  or  4  hours,  taking  care  to  shake  it  from  time  to 
time.  It  is  evident  that  the  longer  a  diffusion  oF  intracorpuscular 
flalta  goes  on  the  more  will  the  fluid  between  the  corpiisrlps  in- 
crease in  tonidty  and  the  more  |ferfe*-t  will  the  equilibrium  Ijetween 
this  fluid  and  the  perienrpusrular  aone  be<Tome.  And.  what  ia 
tiiorPj  in  proportion  as  the  corpu.-icles  last-  their  electrolytes,  the 
concentration  of  ihe  fluid  surrounding  them  becomes  more  nearly 
equal  to  tlieir  tonicity.  ConfAequently,  after  a  certain  period  there 
will  lie  an  equilibriuni  between  the  croqjuscles  and  the  surrounding 
fluid.  If  wc  centrifugalise  at  this  point  and  decant  the  supernatant 
fluid,  we  shall  have  a  fluid  A  (salt  solution  i)las  diffused  salts  from 
the  corpLiseles)  and  the  red  blood  cells  D,  which  have  loat  Ih^r 
salts. 

Let  US  plaee  in  tube  1  ft  given  amount  of  fluid  A  and  in  tube  2 
an  equal  amount  of  salt  solution:  we  then  add  to  both  the  same 
amount  fif  CaFl^  and  jlIIow  the  mixtures  to  stand  for  a  half  hour 
in  orcler  to  allow  the  intracorpuscular  salU  in  fluid  A  to  act  upon 
the  suspension.  We  then  add  to  each  tube  the  same  amount  of 
corpuscles  D.  Agglutination  of  the  corpuscles  i  mm eti lately  takes 
plnee  ami  there  is  no  difference  in  its  intensity  in  the  two  tubes, 
although  the  experimental  conditions  differ.    It  is  indeed  to  be 

nflto  eorpuscliw.  Landsleinp.r  and  Jagic,  however.  6nd  Ihal  the  previous  floccu- 
latioa  of  collojils  dues  tiot  diiDiniHh  their  Dgj^lutirialJng  property  for  corpiiacles. 
It  \B  poasible  (jjut  botli  cxpcnrutnl^ra  are  correct,  and  thai  one  may  flixk  out 
colloiilH  nt  varimuH  aiugva  sad  w  ublAia  coltuLls  ihat  are  dther  agglntjiuitiiig  or 
pot  bO,  ID  acGDnJAQCTe  with  vhelher  Ihe  elecirolj'Ees  liave  Eonoed  luose  or  deove 
clumps,  Ihat  ia  to  »ay,  dcpFDitioj!  on  whether  t,  mixture  oT  the  coUoida  with  the 
dorpu^lefl  is  or  Ih  not  pottiblc. 


AGGLUTINATION  OP  HED  BLOOD  CELLS. 


317 


noted  that  in  tliis  experiment  we  ased  D  corpuscles  and  not  fresh 
corpuscles.  TEie  reason  that  we  have  employed  D  corpuscles  is 
because  they  have  been  for  a  long  time  in  cont^t^.t  with  fluid  A  jind 
supposeilly  are  very  similar  in  tfimrity  to  this  fluid,  so  that  they 
havR  nothing  more  to  give  ont  inio  it.  Under  these  fontlitioas  we 
should  not  expect  the  peri coqi use  uUr  mne  to  be  richer  iii  .salt's 
than  is  tlie  fluid  between  the  corpuscles.  In  tube  2,  on  the  cnn^ 
trary,  D  coqjustles  are  placed  in  contact  with  saline  solution  that 
does  not  [contain  the  corpuj^cular  salts,  and  their  tonicity  is  there- 
fore higher  than  that  of  the  salt  solution.  We  should  expect 
them,  therefore,  to  diffuse  their  own  saltjs  and  to  create  a  [wricor- 
puflcular  zone  that  is  more  concentrated  than  the  fluid  between 
the  corpuscles.  To  sum  up,  in  tube  1  we  have  a  peri t^nq) use ular 
zone  antl  ati  intercorpuj^aular  flui(l  uf  the  same  concentration;  in 
tube  2  we  have  a  peri  corpuscular  zone  that  is  more  concentralwl 
than  between  the  corpuscles.  The  agglutination  of  the  corpuscles 
by  calcium  fluoride  should  therefore  be  more  intense  in  tube  2 
than  in  tube  1  if  the  salts  in  the  pen  corpuscular  zone  play  any 
r&le  in  the  phenomenon. 

And  there  would  be  still  another  reason  why  the  intensity  of  the 
agglutination  should  differ  in  the  tubes  in  our  experiment  if  this 
hypothesis  were  true.  As  we  introduced  CaFl,  some  time  before 
the  corpuscles,  this  suspension  was  subjected  to  the  flocculating 
effect  of  salt  solution  iti  tube  2  and  to  the  effect  of  fluid  A  in  tube  1. 
As  fluid  A  contains  the  intracorpuscuiar  salts  it  should  have  more 
flocculating  action  than  salt  fiolutlcn,  and  consequently  CaFl^ 
being  more  markedly  flocculated  in  tul^  1,  should  in  tulx*  2  have 
less  effect  on  tlic  corpuscles.  As  we  have  alrewly  seen,  the  results 
do  not  justify  this  conception,  and,  what  is  more.  CaFI^  is  not  fltx!- 
culaled  in  tube  1  an}-  more  than  it  is  in  tube  2,  In  other  words,  the 
supposed  increase  of  ealt  in  tube  1  from  the  corpuscles  does  not 
give  any  more  marked  floceulation  than  docs  salt  solution. 

This  experiment  demonstrates  that  the  agglutination  of  cor- 
puscles by  GaFlj  docs  not  lose  in  intensity  when  the  flocculating 
effect  that  the  pcricorpuscuJar  zone  might  have  on  the  suspension 
is  re<luce<l  to  the  minimum. 

The  objection  may  be  raised  that  the  diffusion  of  salta  from  the 
corpuactcs  is  never  pushed  sufficiently  in  such  an  experiment  and 


318 


STtfDiES   I_\    IMMLKITY. 


that  the  saline  concentration  of  the  pencorpuscular  zone  is  under 
any  condition  sufficient  to  bring  about  a  precipitate  of  the  colloid 
or  of  the  eusiTenfiion  around  the  corpuscles.  We  Jiave  notixl  a  fact 
in  our  first  article  that  answers  this  objection:  we  causcfl  a  diffusion 
of  all  the  substances  that  the  corpuscJca  contain.  For  this  pur- 
pose wc  lakcd  corpuscles  with  distilled  water  and  then  washeil  them 
aevcral  tiniet^  in  UJ  per  cent  salt  solution.  As  a  result  cf  several 
such  washing  v>c  prcsumal  that  the  saline  tonieity  of  the  stroinata 
and  consequently  of  the  pericorpuscul&r  zone  should  not  exceed 
that  of  the  Buid  between  the  con^usulce.  and  that,  consequently, 
with  aucb  stromata  wc  have  to  deal  dimply  with  the  sodium  chlorid 
in  salt  solution,  Such  stromata  as  they  contain  no  intracorpuscular 
Baits  should  not  be  agglutinablc  by  a  colloid  or  by  a  chemical  aua- 
pcnsion.  We  find,  however,  that  on  a"'i<ling  CaFl,  to  such  stroinata 
an  agglutination  takes  place  which  ia  quite  comparable  with  tliat 
of  fed  blood  cells;  the  CaFl^,  moreover,  may  be  replaced  by  barium 
Hulphate  or  by  colloidal  ferric  hydroxide. 

We  see  no  reason  for  supposing  that  the  agglutination  of  stro- 
mata  by  colloids  and  suspensions  is  to  be  explained  in  any  different 
way  than  that  of  red  blood  cells,  In  fact  the  agglutination  of 
stromata  by  such  a  suspension  as  CaFl,  follows  in  all  its  details  the 
phenomena  present  in  the  agglutination  of  reil  bloo<I  cell>*.  In 
bfith  in.'^tani'efi  the  intensity  of  the  agglutination  Jeiwuds  on  the 
amount  of  TaFl,  ein[]lnyeil;  the  maxinnirn  aggUitinaiinn  ornurring 
wiUi  an  nplimal  do^f.  a  smalltr  or  larger  aEiiount  giving  rise  to  less 
agglutination.  In  each  inj^tanee^  moreover,  the  addition  of  a  small 
amount  of  serum  prevents  agt;luli  nation.  The  phenomena  are 
absolutely  interchangeable,  whii^li  shows,  aeconHng  to  our  opinion, 
that  in  agglutination  of  corpascles  by  a  suspension  the  salts  from 
the  corpuscles  do  not  firet  flocculate  with  the  suspensions  in  order 
lo  bringabout  agglutination.  T)ie  fumlamental  action  tak&j  place 
between  the  albuminoid  substances  (stroiiiala)  of  the  corpuscles  and 
the  susponsions  in  question  * 

*  VVj^Bcd.  ind««d,  that  agglutinatioD  of  atromata  m^y  be  produced  b>'  barium 
eulplmte  whelher  enj^peadcd  iti  dii^liUed  waUr  or  m  2  per  cent  salt  dolutbnn  and 
it  bL-cJOH  dtSicull,  IQ  ijimgine  iLat  a  aiiHpenaian  LIi»l1<  is  so  Utile  [iTfeCLr-d  b^'  elec- 
Irulytes  fihould  be  intlueEiced  hy  the  tric;es  of  da.lta  that  might  come  from  t[io 
etromata-     3faQgin  find  Henri  iuve  Doted  aimJlor  phetiomeEu  ia  tbe  A^lutioiktiot) 
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There  is.  to  be  sure,  one  conclusion  in  the  theorj'  of  Mangin  and 
Henri  which  seems  experimentaUy  verified,  but  as  we  shall  see 
the  verification  is  only  apparent  and  th^r  coneluaion  incorrect. 
This  is  the  subject  in  point.  If  it  is  true  tbat  the  salts  within 
corpusclfs  have  something  to  do  with  flocculating  colloids  and  sus- 
pensions about  the  corpuscles,  on  extracting  the  salts  from  the*5e 
corpuscles  by  laidng,  we  should  obtain  a  fluid  L,  whicli,  when  the 
stroraata  are  removed,  will  prevent  the  agglutination  of  fresh  cor- 
puscles by  a  suspended  precipitatCp  This  in  particular  would  be 
true  if  the  suspension  were  placed  in  fluid  L  before  the  fresh  cor- 
puscles were,  thus  allowing  it  to  be  flocculated  by  the  corpuscular 
salts  present  in  the  fluid.  We  proceed,  thcnk  by  laking  blood  cor- 
puscles with  distilled  water  and  subsequently  adding  enough  sodium 
chlorid  to  restore  its  tonicity  to  that  of  physiological  salt  eolution, 
and  wc  then  separate  the  stroniata  by  centrifugalization  and 
decant  the  supernatant  fluid,  which  contains  all  the  substances 
that  the  corpuscles  liberated.  To  a  ^ven  amount  of  this  fluid  we 
add  a  known  quantity  of  CaFl,,  of  barium  sulphate  or  of  colloidal 
ferric  hytlroxide  and,  after  a  short  period,  wc  add  to  each  tube  a 
small  amount  of  fresh  washed  corpuscles.  No  agglutination  occurs. 
The  laked  fluid,  then,  deprived  of  stroraata  completely  prevents 
the  a^utiuation  of  other  cur|jU3c]es  either  by  auapeasioos  or  by 
feme  hyrlrate. 

At  fifflt  flight  this  fact  agrees  very  well  with  Mangin  anrl  Henri'9 
ide&^t  but  it  is  not,  however,  explicable  as  we  nee  it  by  their  theory. 
If  the  inhiljithig  effect  of  this  fluid  is  in  reality  due  t«  diffused 
intraeorpuscular  salts,  it  must  be  due  to  the  precipitation  of  the 
eolloids  or  sa^^peusions  by  Ihtse  salts,  which  precipitation  in  this 
case  would  occur  without  the  subset|uent  adilili'in  of  wnqjusdes, 
We  find,  however,  no  precipitation  of  eolloids  or  susi»eTi.sions  by 
this  laked  fluid;  the  reverse  indeed  Is  found.  Suit  solution  rapidly 
flocculates  CaFlj  and  ferric  hydrate  and  allows  barium  sulphate  to 
sediment  rather  quickly,  but  fluid  L,  deprived  of  stromata,  keeps 
these  substances  in  suspension;  even  the  ferric  hydrate,  which  is 
so  susceptible  to  the  presence  of  salts.     Since  the  electrolytes  in 

of  corpuBctca  by  volloids:  thpy  Qnd  that  dtromatA  are  also  a^luticoble  by  these 
eubatanocs.  Undcf  Buch  conilition^  we  see  ao  reason  for  attributing  aa  active 
fuQCtion  to  the  corpuacular  aalis.  aa  Jo  iheae  autliora. 


320 


STUDIES   IN   IMMUNITY. 


this  fluid  gbh  only  have  a  flocculating  action  they  are  evidently 
cot  rcsponstblo  for  producing  this  suspension  • 

Wo  believe  CalthougU  our  opinion  is  bas^xl  on  no  irrefutable 
experimental  proof)  that  if  ferric  hydrate  and  CaFi^  fail  to  bo  pre- 
cipitated by  the  electrolytes  of  fluid  L,  and  if  barium  sulphate 
remains  in  a  state  of  iine  euapeneion  in  this  fluid,  it  ia  due  to  the 
fact  that  they  are  held  in  suspension  by  the  colloidal  substances  of 
an  albuminoufl  nature  that  have  come  from  the  con^usclcs  through 
laking.  The  phenomenon,  indce^l,  is  identical  with  the  dissociate 
ing  effect  of  fieruni  on  barium  sulphate,  to  which  wc  have  already 
referreif  and  which  we  shall  presently  again  consider  This  dis- 
sociating power  in  the  lakcil  fluid  can  be  exhausted,  a^  can  the 
same  power  in  serum,  and  if  wc  presume  that  the  precipitate  is  due 
to  some  substance  we  may  suppose  that  this  substance  can  be 
remove*!  from  the  laking  fluid.  As  a  proof  let  us  atkl  a  rather  large 
amount  of  CaFI^  to  fluid  L  containing  no  stromata;  after  15  minutes' 
contact  we  will  remove  the  CaFl^  by  ccntrifugaliiation  and  obtain, 
on  decanting,  a  fluid  A  which  difTer^  from  fluid  L  only  in  having 
been  aubjecleil  to  a  large  amount  of  fluoride.  We  find  Ihab  the 
set!  i  men  tat  ion  and  flocculation  of  the  various  substances  to  wliich 
WT  have  referred,  although  prevented  by  fluid  L,  occur  very  readily 
in  fluid  A.  And,  what  is  more,  an  agglutination  of  reti  blood  cells 
by  saspensionH  and  by  fprrit*  hydrate  takes  place  perfectly  in  A, 
altlKuigh  it  does  not  occur  in  L. 

Tfie  large  amount  of  CaFlj,  then,  has  reraove*l  something  from 
fluid  L  that  prevents  the  floeculation  of  CaFl,  and  of  ferric  hydrate 
by  electrolytes  as  well  as  the  setlinientation  of  barium  sulphate- 
The  pnjperty  of  preventing  the  agglutinating  of  corpuscles  by 
means  of  these  three  substances  has  also  Ijecn  n^inoved  from  fluid  L 
by  this  treatment.  We  believe  that  this  substance  cr  substanees 
are  albuminous  colloids  that  come  from  the  corpascles  as  a  result 
of  the  laking^  and  we  base  this  hypothesis  on  the  results  obtained 

•  Neisser  Bad  Frieiienuian*  Imve  n^teiJ.  U  in  true,  tliat  coUaicJB  flQCCul&ted  by 
R  given  (lose  of  Kulra  nr>  longer  givp  such  :i  result  if  Ihr  nmount  of  snit  is  mtreased. 
Id  ihcir  cxperinipiitfl,  however,  they  deal  wilh  the  satts  of  heavy  metaLa  and  they 
hove  corapaird  thia  fict  to  the  formalion  of  colloidal  hj'drale  by  hydrolj-His  of 
iUt  f-1<>ctralj'tps.  Tii\e  evidcnlly  is  not  lUl'  ruHi  ^Uh  tliu  ^la  obUiiaed  from  red 
blood  «vll6. 
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by  studying  the  inhibiting  effect  of  serum  on  the  agglutination  of 
corpuscles  by  susponsions,* 

Once  these  colloids  are  removed  we  have  a  fluid  (A)  that  allows 
the  BoccuJalion  of  CaFlj  and  of  ferric  hydrate  by  the  iotraeoqius- 
cular  salts  present  in  this  laked  fluuL  This  flocculation,  as  we  know, 
takes  place.  This  fact,  however,  does  not  prevent  it  from  agglu- 
tinating subsequently  add(\l  corpusclee,  Thest^  expcnmonLs  show^ 
as  we  believe,  that  the  intracorpuscular  salts  extracteii  by  hiking 
do  not  antagomze  the  agglu  Li  nation  of  fresh  corpuscle?  by  sus- 
pensione  or  colloids;  we  have  just  recently  seen,  moreover,  that 
the  stromata,  deprived  of  intracorpuscular  salts,  are  agglutinablc 
by  coUouls  ami  suspensions  as  well  as  arc  corpuscles. 

Aa  a  result  of  this  wc  conclude  that  in  order  to  explain  the  agglu- 
tinating effect  of  theae  suspensions  with  which  we  have  been  deal- 
ing, on  corpuscles,  it  is  not  necessary  to  suppose  that  a  Hocculation 
of  them  by  means  of  the  intracorpuscular  salts  takes  place.  We 
have  indeed  seen,  first,  that  this  agglutination  is  likewise  possible 
by  suspensions  that  have  previously  been  flocculated  by  electrolytes ; 
and  second,  that  there  is  no  change  when  the  exccaa  of  salts  in  the 
peri  corpuscular  zone  oF  the  corpuscles  U  reduced  to  the  minimum 
so  as  to  annihilate  the  hypothetical  flocculating  effect  of  this  zone 
on  the  suspensioo;  an:!  tbinl,  the  phenomenon  of  the  agglutination 
of  stromata  is  identical  with  that  of  corpuscles;  fourth,  the  sen- 
eitivity  of  these  susjx^nsions  to  the  flocculating  action  of  salts  is 
not  a  necessary  preliminary  to  their  agglutinating  property  towjinJ 
corpuscles.  Inasmuch  as  all  the  phenomena  of  the  agglutination 
of  corpuscles  by  a  suspension  take  place  just  as  well  with  colloids, 
WT  think,  whelher  or  not  these  latter  are  flocculated  ljy  dJffusnil 
intracoquiscular  salts,  that  this  has  no  effect  on  their  agglutinat- 
ing pnji>erty  over  red  blood  cells.  We  have  endeavored  to  prove 
this  fact  more  dirtH.-tly,  ^  We  have  attempted  to  prtidoce  phenom- 
ena of  agglutination  analogoas  to  those  idready  described  by  allow- 
ing our  suspensions  to  act  upon  an  emulsion,  the  particles  of  which 
contain  no  salts  that  might  be  diffused,  in  place  of  red  blood  cells. 
For   this   purpose  we  have  use<J    emulsions   of   oil  prepared    by 

•  We  Lave  alre&dj  noteni  in  our  firal  article  Uiat  although  Btrum  yrtvents  llie 
Rgglutirmtion  of  euspengmnR  wtth  rorpiyvlcH  this  iDhibifiog  property  may  l>e 
Temovad  by  treating  it  previously  withalargodotsaof  Ciki''liOrof  bariuniGulphate, 


322 


STUDIES  IN  IMMUNITY. 


aclJing  5  drops  of  olive  oil  to  10  c.c.  of  tlistillet!  water  plus 
O-OOI  of  a.  (!ubic  centimeter  of  sotliuin  carbonate-  Such  feebly 
iklkaltEie  eirmkioDs  may  Ix!  neutralized  or  even  acidified  without 
showing  any  change.  In  our  experiments  we  have  useii  such 
emulsions  neutralized  as  carefully  as  possible.  Working  with  thcra 
we  find  tliat  the  tiny  drops  of  oil  agglutinate  on  the  addition  of 
suspensions  of  CaFl,  and  barium  sulphate  and  also  of  colloidal 
ferric  hydrate.  The  flocks  obtained  in  this  manner  are  found 
microscopically  to  consist  of  a  suspension  of  the  hydrate  with  drops 
of  oil  scftllerod  amonR  them.  It  is  found,  moreover^  that  the  addi- 
tion of  a  small  amount  of  serum  prevents  the  a^utination  of 
oil  corpuscles  by  suspensions  and  by  ferric  hydrate  in  the  same 
way  as  it  does  the  agglutination  of  red  blood  cells  by  chemical 
prccipilates. 

Inaemuch  ae  these  two  forms  of  agglutination  apparently  agree, 
we  believe  that  their  respective  causes  are  due  to  the  same  factors 
and  that  the  agglutination  of  rcti  blowl  cells  by  sufjponsions  and 
colloids  is  not  an  indirect  rcault  of  the  effect  of  elcctroMcs  on 
these  auapensions,  but  due  to  a  direct  effect  of  one  element  oa  the 
other. 

We  have  just  seen  that  ceJtain  suspensions  agglutinate  blood 
cella.  If  in  place  of  the  corpuscles  we  add  serum  to  either  of  these 
t^'o  suspensions  we  find  that  CaFI,  becomes  clumped,  while  barium 
sulphate  is  una^ectefl.  ^u^pended  In  salt  solution  barium  sulphate 
sftlimenls  rapidly  to  the  bottom  of  the  tube.  In  serum,  on  the  con- 
trary, it  does  not  fall  or  falls  only  very  slowly,  and  remains  in  the 
fluid  in  the  form  of  a  fine  suspension.  This  dissociating  effect  of 
serum  on  Imrium  wulphat.e  is  ver>'  Jiiarkeii  ami  evident  even  on 
the  a^ldition  of  1  drop  of  serum  dilutetl  1-20  to  1  c.c.  of  O.fi  per 
cent  salt  solution  containing  4  drops  of  an  emulsion  of  Ixtriuin 
sulphate. 

We  have  then,  on  the  one  hand,  an  agglutination  (barium  sul- 
phate plus  corpuscles)  and  on  the  other  hand  quite  a  different 
phenomenon,  namely,  a  dissociation  of  the  susjjension  (barium 
sulphate  plus  serum).  It  is  generally  supposed  that  the  albuminous 
substances  of  serum  are  in  a  state  of  coUoldal  solution.  An  emul- 
sion of  corpuscles,  then,  is  the  same  as  serum  in  that  both  are  emul- 
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Biotts  oF  albumiDous  Bubatances,  but  in  the  case  of  the  corpuscles 
the  particles  ftre  larger  than  ia  the  case  of  rtenim.  Both  semm  and 
corpuscles  have  the  same  negative  clectne  charge.* 

How  is  itj  then,  that  the  ftcJdition  of  a  given  substance — barium 
Bulphale  —  produces  such  divei^nt  efFcclj^  in  (ht^e  two  similar 
emulsions?  Agglutination  and  dissociation  would  indeed  seem 
to  be  the  direct  oppt^iteg  of  one  another,  but  are  they  indeed  as 
different  as  at  first  scema?  Are  they  not  rather  twodifferent  results 
of  a  single  fundamental  phenomenon  appearing  either  in  the  form 
of  an  agglutination  or  of  a  dissociation,  as  the  case  may  be? 

The  ap:sluti nation  of  corpuscles  with  barium  sulphate  leads  us 
to  think  of  some  a<1hesion  between  the  suspension  and  the  cor- 
puaclea.  In  the  dissociation  of  barium  sulphate  by  serum,  is  there 
not  also  an  wlhesion  between  the  f^uspension  and  the  albuminous 
particles  of  the  serum?  According  to  this  explanation  the  funda- 
mental phenomenon  would  be  adhesion  between  the  suspension  and 
tlie  corpuscles  or  the  albuminous  substances  of  serum;  this  adhe- 
sion, however,  would  be  followed  in  the  one  ease  by  agglutination 
and  in  the  other  by  dissociation. 

The  folioifting  experiraenLs  seem  to  prove  the  accuracy  of  this 
hypothesis : 

ExPEnruEK-r  I,  IJ  ihtre  i»  lome  adhesion  heUercn  the  aibuminonj  partift^  '*/ 
MTUm  and  barium  aiJphaie,  the  diasocioling  prapfrt'j  itf  the  terum  for  &sb  poiedef 
th/itiid  fiauc  a  definite  UmU.  In  order  to  drmanstrnle  this  w  add  a  large  ani'iurU 
0/  borivm  su/phale  to  a  smnl!  amouTtl  of  eeriim.  Wp.  begin  by  ceniTifut}fi!izing  five 
tvbci^toch  of  iEhicK  farHaijut  2  c.c.  of  our  emtiUion  ttf  sujjihattf,  and  then  ttiromoflh^ 
aapcrnatartt  fluids.  Otic  of^tcMe  iKdintents  is  then  suspended  in  tJie  serum  emplotted, 
namdif  0,5  of  a  c\^\e  tvnSijru'ter  nf  fresh,  hone  tentm  dilutst  unM  1.5  c.c.  of  aa/t 
ioluHan.  Afler  allowing  aKorl  ecnlaci  the  tube  ie  Ihcn  ctntri/ugatited  and  th^  seeond 
otigirvxi  ialinitnt  uj  sidphale  itr  siupcTtded  in  (A*  eupcr/iattint  jl\iid  of  t/ie  first  lube; 
tfiia  procedMre  m  repeattti  tcith  6if  (hint  arid  ftttirth  tfiitrnffit  atid  sn  on.  We  thjtn 
add  to  the  svrum  Uiat  hat  fteen  treated  in  tktt  manner  a  atnall  amourU  tff  bariimt  sul- 
phalt  and  find  that  thit  serunt  has  UtUe  or  fio  diBswrialinq  property  for  the  su^pcnsioti. 
Nor  dfi^  it  agQl\titnaie  CaFl^  or  \nh\b\t  the  aqgluirnattnn  of  eorpTiMi^  bfj  either 
CaFij  or  b'j  bartum  aaiphate.  The  colloidal  Btfivtion,  Mr/Mh  conttiitUBa  the  wnirt, 
jfjflsi  t^  alb^iidTVJus  mbitunce.  Men,  as  a  res^t  of  contact  vfitk  iaftfcr  arnvaf%ta  of 
bftnum  tfitphate,  j\Ltl  at  an  emahioti  of  red  blood  f€Us  in  n^lntinating  Ike  sulphate 
teluttan  tones  its  corpujcics. 

•  It  ia  to  be  noted  th&t  altl]ou>;!i  Maagin  ood  Henri  considef  eerum  03  a  QEiga- 
livo  coUaid,  other  ivrit^rv^  notably  Nei^ser  and  Fnede[iUL[iD»  iltb  daitbtfiil  of  this 
fact  on  account  of  Hardy^'e  work. 

Hme.  GiruAJ-Maa^m  tii  V,  Hetin,.  Soc.  de  BJol.,  1904,  No.  24. 

Nei35?r  Bt  Friedi^macn,  L  b. 
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E-VPEfiiUENT  2  IJ  Uyc  com-pariaoTi  u  Einri  it  mTuj  hf  true  that  disaoHaHon  of 
barium  iMlphatt  by  terum  it  due  to  tta  adhexion  nf  (hf  eolioidal  subBtontee  of  the 
KTum  a^mi^r  h  VkU  tchick  takct  piwe  beltpgen  the  corpii^cfea  and  stdpliait  in  ilieir 
agijUdmation.  Rfpralfd  washiiiQH  in  salt  st^uxion.  of  these  mrufif.tt  f<\nneti  by  tha 
adhejion  of  arrputdea  and  aaepenaioTi  lead  ta  na  ei)jinqe  in  Ute  cittmpa.  Sfi^U  wo 
find  in  u  similnr  icai/  tfi/oi  barium  auiphale  ttuit  h'ts  been  di^somattd  (jfi  serum  will 
remain  dmociaifd  aftfr  wc^hinj.  in.  oVier  word^.  that  th^  od/j^awn  nf  tlie  ftiapcruiion 
io  the  disBoc\fitiag  colIi^idB  of  the  serum  vutl  perBisi7  Ta'cive  drt^ps  of  ouf  emulsion 
nj  bvrmnt  etUphaU  arti  inix^  ttiCA  n  large  xltiac  nf  h'fi&e  serum^Uuit  ia.  with  3  c.c.  of 
fresh  serum  diirMd  1-4,  and  after  5  tinrtitUs  t}ie  nurture  is  ctnlnf^tgatiifd.  The 
etdiment  is  Biibaeqii*nl!y  traxhed  in  tatt  eolutiort  unEif  tho  vrash  neater  rMntai'a  no 
trace  nf  free  et^Tiim,  as  evidenced  bi/ the  fact  thai  on  boilinti  tt  doa  stolbtOimr  aihUcand 
that  it/aila  to  dieenciate frah  eiilpliate.  We  then  eufjtend  this  siiffhure  treated  by 
afrum  in  tilt  gc/luiion  and  Jirtd  th<U  'I  remtiTH  in  the  form  of  an.  PirMlrion.  ThU 
emufoion  differs  absolaieiy  frotrt  fresh  hariuta  tulpfiaft  in  toM  s*flutiori.  it  ii  ivry 
eotfoulat  infij>peaTfincsantiTespmbff.s  rriiik:  iljlnafiij  rt'infi^,  but  withevt  at\j/  evidence 
of  an  oggliUiTtaiioji  of  paritcles,  ainee  a  sli^fU  jar  ju^uxm  to  rsatore  U  to  the  form  of 
art  €Tnulayja. 

This  experiment  is  the  complement  of  the  preceding;  serum 
owes  its  fiissoc Sating  proportj'  lo  eolloiLial  substances  that  adhere 
to  the  bErium  Fulphale,  just  as  red  blooii  cells  adhere  to  it. 

EXFERiUEKT  3^  We  haoe  endeavored  to  dmorutrale  more  direeiUj  the  utunn 
that  oceura  h^nJfeat  Uie  coilaidi  nf  earum  and  the  diaenciaird  euapentions.  ,\a  v?e 
sitail  see.  MX  have  tvcceeded  in  liticratuig  or  acparulrn^  tJiesc.  aMiidn  from  ffieaupften.' 
sfon  to  u^hrh  they  itfere  altaehed.  In  ordfr  to  dtt  thia  it  m  nri^mtory  to  efinnTiate  the 
original  &wjptnfiion  iy  tiutolvtng  it.  For  thit  purpoite  irc  havg  cmphricd  tncaitiUTn 
plifmphate  aa  an  emtdsiuii  in  dMtHed  water  \ixatead  of  banum  saiphnlr,  which  ia 
di^icutl  to  diMoive^  Thit  tricatciiim  phoiphate  la  aintiiar  totytriuin  tulphate  xn  tftat 
it  atdttrient*  rather  rapidly  in  salt  aoiitiioa  and  distilled  waler,  but  Temaina/or  a  iong 
hme  as  an  emiiiai'tn  in  thi  proirnu^  \if  hitrxe  aenirn. 

Three  drops  of  out  ernvtsjan.  /or  example,  rrmain  disacciat^  for  a  hn^f  time  tn 
1  ccoficritm  dilute  I-IO-  We  aatntott  a  rather  lat^cdaseoftricatfium  pfioaphale, 
for  eiatnplf.  20  drops  iif  o\tr  emnlswp .wtlh  4  c.c.  of  senijn  diluted  1-4  tn  salt  solaI.ian, 
and  after  }S  minutf a'  contaeCeeilnfu^aitse  the  precipitate  and  umshrepciiedfyntithiall 
siftiUinji  it'itit  the  itxiak  ipoter  continna  no  free  strum-  The  phosphate  is  thensuspeiuied 
in  aa  mvfh  sail  softUiaa  as  tim  amounltif  serum  emphyrd  in  tha  first  place  and  gives 
a  hotnoyenfoiis  enivUion  impregnated  v^ilh  terum  as  tn  the  case  of  borium  sulphate. 

Wc  plaee  1  c-c.  afthie  emuUum  in  tube  1,  uruJ  an  equal  amoanA  of frt^h  phosphate 
in  t'ibe  2.  a  corresponding  amount  iiffrrah  pkoapiuiie  plus  i  c.c.  of  salt  soluiian  and 
a  very  atnatl  amount  (0.025  c^.)  of  serum  in  1  c.c.  of  salt  eolation  in  (uifl  3,  We 
then  add  £i'  each  tube  one  drop  of  acettc  acid.  There  is  no  duinga  iit  tube  3 ;  a  certain 
amiijintp/theph^phateintiibex  I  and  2  is  duanlvrd  aftd  the  rest  remaitis  suspended^ 
Fifla'n  mm'i/cJ  later  these  two  ttihea  arc  ccalnfugalijed  and  the  superrtatanl  fluid 
dt-^arUe't.  These  Jluids  differ  in  thip  respect:  The  trne  in  obtained  ^y  dini'olv\ng  the 
freak  ph'tnphats  {tuhp  1).  and  the  other  by  dtfsittving  phnsphnle  that  has  pTei'wuaty 
been  impregnated  wrik  the  diaaiteioling  aubatance  of  eernm  {Ivhc  1).  if  we  htMV9 
aiuc^ededia  liberating  tlicdisseraaSingvidMtanceB  in  lube  I  b^  duaohing  the  phosphaU 
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to  which  they  were  fired,  venhjyuIdtKubSeladfmojutrtjU  it  by  adixsndfUiitrni/biriHfn 
tulphalo  oddcd  to  thtajlind.  This  indeed  prvvea  tn  be  true:  banum  aulpluile  added 
to  thtse  tici  /luids  and  alsir  io  Jubc  3  jit  Jotiiid  to  aedtmejil  rapidiy  in  tube  2  and  to 
rer/iajji  digsncinliffl  Jfi  tnh£  [  find  in  lube.  A.  Ciinlrol  lnhcfi  xfiow  Itail  weithfr  the  uvufi 
waUr  rwr  Uu  OJ^ic  acid  ^moo  the  aligfUeai  diaaociaiirtg  c^ect  on  banftm  sulptmifi.  On 
choif9iftg,  iherejore.  aauspetsiun  thai  u  duunKmlvil  by  :ieru.jit  atui  eoi'j  tifdumuhf^  Hie 
c/i7nb\TtatJi>a  bttmeen  the  sutpensioa  arid  the  colloidal  luAsfaruxa  that  diMocioled  it 
moif  bf  brf>hcn  up* 

These  experiments  show,  it  seems  to  us,  that  the  phenomena  of 
agglutination  and  dissociation,  al  least  in  the  instances  we  have 
atin.lie<l,  although  of  different  appearance,  are  nevertheless  due  to 
the  eame  fundamental  facl^  namely,  the  affinity  of  the  suspension 
for  the  coq>u&cles  or  the  colloids  of  serum.  Why  are  so  widely 
different  phenomena  protluce<!  under  sueh  apparently  closely 
relatofl  conditions?  We  cannot  attempt  to  give  the  ultimate  reason 
for  this  difference,  but  will  simply  offer  an  hypothesis  that  wo  have 
supported  by  a  few  facts-  Since  we  know  that  an  adhesion  occurs 
in  both  instances  between  a  suspension  and  the  particles  either 
of  the  corpuscle  suspeni^ion  or  of  the  serum,  the  quostion  arises  if, 
when  these  adhesions  arc  produced,  the  respective  properties  of 
the  substances  employed  do  not  have  some  effect  on  the  result  of 
the  reaction?  As  we  know,  baritim  sulphate  will  ae<iimcnt  by  its 
own  weight.  If  we  a^ld  corpu^^clca  which  are  parliclcd  that  also 
tend  to  sediment,  to  barium  pulphatc,  may  we  not  consider  the 
fact  that  the  combination  falls  to  the  bottom  of  the  tube  as  due  to 
the  tendency  of  barium  sulphate  to  sediment,  which  tendency  is 
only  slightly  modified  by  a  contrary  tendency  on  the  part^jf  the 
corpuscles?  In  a»  mixture  of  barium  sulphate  and  serum,  however, 
the  sulphate  meets  with  colloids  which  are  vcrj"  difficult  to  pre- 
cipitate and  the  tendency  of  barium  sulphate  to  seiliment  would 
be  counterbalanced  by  a  marked  opposing  tendency.  If  this 
oppawg  tendency  prevails,  a  combination  with  barium  sulphate 
would  not  sediment  at  allj  but  remain  dissociated  in  the  fluid,  as 
indeeil  happens.  According  to  this  hyjjtithesis  the  dbsaciation  of 
barium  sulphate  by  serum  would  be  due  to  the  result  of  a  struggle 

*  It  ia  to  be  noted  that  if  hyJrocliloric  aciJ  Is  used  in  place  of  Bcctic  neid  sod 
th^  ptioaphatea  thua  totally  disaolvGd.  burium  milpliatc  \b  iiut  dititiociatt:U  \jy  Lbo 
re^ultanl  fluid;  it  le  uIeo  Co  he  ncted  that  bariuni  sulphate  Aedimcrits  in  flvnim  1o 
vhicb  lEic  ^anic  uECounl  of  hydrmbloric  ociJ  ha4  been  added.  In  other  words, 
tydruchloric  dcid  iuktibita  tbe  dissocialiog  elTevt  of  tlie  serum. 
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between  oppoRin^;  influence.  And  if  this  is  true  we  should  be  able 
to  modify  the  outcome  of  the  struggie  by  enfeebling;  one  or  (he 
oUicr  of  the  influences  present;  and  thia  we  have  done  in  the  follow- 
ing marmcr;  It  U  well  known  that  heating  semm  to  *iO  to  65  dcgrcca 
brings  it  thwiugh  a  Rerics  of  transitory  stages  to  a  dense  coaguluniH 
This  coagulum  may  be  avoided  by  a  preliminary  dilution  of  the 
serum,  under  which  conditions  the  acrum  is  still  coagulabic  more 
or  le^a  completely,  according  to  the  degree  of  dilution,  but  never 
in  a  single  moas,  For  example,  if  we  leave  horse  serum,  that  has 
been  dilute*!  with  three  times  its  volume  of  salt  solution,  for  a  riuarter 
of  an  hour  in  boihng  water,  we  obtain  a  whitish  fluid  containing 
albuminoids  coagulated  to  a  greater  or  less  extent,  but  not  in 
a  single  mass;  such  a  fluid  is  a  true  colloidal  solution,  but  in 
comparison  with  unheated  serum  it  represents  a  coagulated  solu- 
fion,  the  particles  of  which  have  a  greater  tendency  to  clump  and 
sediment. 

We  now  prepare  two  tubes  which  contain  the  same  quantity  of 
barium  sulphate  in  Lht-  same  volume  of  salt  .soluttim  and  aild  to 
one  a  given  dose  of  non-heated  serum  diluterl  l—i  in  salt  solutioni 
and  to  the  other  the  same  amount  of  the  same  diluteil  .serum  that 
has  been  heateil  for  15  minutes  in  boihng  water.  The  Imrium 
sulphate  becomes  dissociateil  in  the  first  tube,  but  in  the  second 
forms  clumps  that  are  quite  ilifTerent  from  the  spontaneous  seilimen- 
tation  in  salt  tsolution.  After  this  agglutination  is  finisheil  and 
the  clumps  have  fallen  to  the  bottom  of  the  tube,  the  su[Ternatant 
fluid  lias  lo^t  much  of  its  milky  appearanc^e  and  Ihe  subsequent 
addition  of  a  fre>h  amount  of  barium  sulphate  leads  to  only  a  slightly 
inereaseti  clarification  in  the  flui<l,  th?  agglutnial.ing  properly  of 
which  has  become  very  much  iliminishetl.  The  agglutination  of 
barium  sulphate  by  healed  serum  is  due,  then,  to  a  combination 
between  the  suspension  and  the  colloidal  substances  which  give 
the  serum  its  milky  appeanuiee.  Since  this  is  true  the  aggluti- 
nating property  may  be  removed  from  heated  serum  by  abiding 
sufBciently  large  amounts  of  barium  sulphate.  We  eoUect  at  the 
boilora  of  the  lube  by  ccntrifugalization  tho  sulphate  eontained 
in  4  c,e.  of  our  emulsion  and  remove  the  supernatant  fluid  and  then 
suspend  the  sediment  in  a  mixture  containing  O.ti  of  a  cutwc  centi- 
meter of  horse  serum  plus  1,8  c,c.  of  Bait  solution  (the  mixture 
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having  been  heatwl  for  15  minuter  in  boiling  water).  Aftera  few 
niituites  we  again  ^enlrifugfilize, 

Tlie  nSitfiernatant  flu'ul  \s  absolut.ply  limpifl  and  haa  no  effect  nn 
fresli  barium  sulphate  and  dots  mil  turn  wbi(e  on  boiling. 

To  eum  up,  we  have  t^een  tlmt  the  flissoeiation  of  banuin  sul- 
phate by  seniHi  and  its  agglutination  by  reii  bloofl  corpa'^cles  is 
due  fuTiclamt^n tally  to  the  .'-annj  [jhenomenon,  namuly,  the  adhesion 
of  the  sulphate  with  the  particles  of  the  scrum  or  of  the  corpuedes, 
Bs  the  case  may  be.  We  have  offered  the  hypothesis  that  the 
result  of  such  a  combinatinn  depends  on  the  tendency  of  the  par- 
ticles unite*:!  with  barium  sulphate  to  retnain  in  sus|>cnsion .  and  we 
have  shown  that  by  diminishing  thia  tendency  the  property  of 
the  sulphate  to  sctliiTient  beeoraes  preponderant  and  leads  to  an 
a^iitination  insteatl  of  a  dissociation.  This  hypothesis  is  sup- 
ported by  the  experiment  to  which  rcferencu  haa  just  been  made.* 

■  Tvo  objcctLOnB  may  be  raised  which  it  may  be  well  to  meet  b«fore  going 
farther,  Tt  might  be  puaaihle  that  the  EubQUncea  caiisiog  sgglutioat ion  or  dis- 
porialioD  whh  hariurc  :4Lilph&t4'.  in  uj;c<irci;LDCP  witli  wlietht^r  tbti  nrurn  h&a  or  hns 
not  bt-^a  Lonlod,  aronot  the  exian'.  and  it  might  beeupposed  that  boat  bu^  simply 
cbu^^kJ  ttiL!  Qf^t^lutlDutiaR  property  to  appear  by  d^stroyin):  tho  diaso^iAtine  prap- 
Hrty.  Such,  buwever,  iiovi  niji  seem  to  I*  the  caae-  V^k  find  tbat  on  iniaiinB 
a  eert.ain  nmrmnr.  of  fre^b  wnjm  tO-5 ce.  plus  \.5  c c of  salt  aoluiion)  with  large 
amoynta  of  bjirium  Eiilphak',  we  remove,  as  we  bavc  ivlrtady  mentiOQcJ,  all 
llie  disaotiaiJD^  prupcrtJL-4  of  tbe  M-rum.  U  tlm  dilutetl  etruia  ire^iled  ic  this 
maniLer  is  then  healod  tor  aaG-qunrtor  hour  tt?  100  df?grec<4  with  a  tube  a\  fl^mm 
that  has  not  been  treated  with  barium  sulpbatCn  tha  lattf:r  bcoomc:^  milky  throufch 
coagublion  of  ha  albumicuus  aubaluorea,  wliereua  Chu  first  tube  shows  no  appre- 
oiabl?  b'hJtcnmg,  Tho  aildition  of  this  latti?r  treatod  iierum  to  a  amaM  umouat 
of  bctrium  nuTpbatc  producer  little  or  tio  agglutination.  By  removing  tbt  di;!dO- 
fliatiDg  substance  from  fre^h  atrum  by  mldiiig  liri^e  dos^  of  sulphute.  wl<  thua 
remove  iLt  ibfl  Sfltne  lime  it*  prtipi?Tty  of  agglutiuaLing  The  aulphate  after  heatmg. 
Tbiti  rcnilers  it  vtry  prubablo  tliat  the  difFerent  aotious  on  bi^ium  sulphate  ara 
dut^  to  Lhe  saiut  sulj^tauaes, 

Tbo  objection  may  aha  be  raised  that  the  dmocialiTi^  property  of  serum  i^ 
retained  even  after  heating,  but  \e  nmsJ^ed  by  tht  /igghitinating  properties  which 
thia  healing  Jovelops.  Tbia,  however,  doca  not  setm  to  ud  Lo  b«  correct.  We 
hive  just  ADon  that  the  ngjylutinatitig  propeTtJi^s  may  bs  remav&l  from  Jieated 
wmm  bj  treating  it  with  large  cloaca  of  barium  sulphate,  and  it  may  also  be  noted 
from  the  do^e^  that  we  have  i^iven  that  tbl-^  rcmovQl  m  ccuch  ca9ii>r  tboD  tlie 
removol  of  the  duwoclating  property  from  imhi>at«]  ^rum.  Thus  we  find  tliat 
whereas  A  c.c.  of  our  emul^iop  of  BuJpLatc  auEEcts  bo  rentuve  the  a^lutinating 
property  from  2.4  c.c.  of  ^ionim  diluted  1-4  und  healed  to  100  degrwis,  10  c.c. 
of  the  Enme  emoliiion  suffieea  only  |i>  weaken  the  di^strtcMrLrinLi;  propertii;^  of  2  PC, 
at  Ibcaomoaerum  diluted  1-4  and  unheated-     If  the  agglulioikliag  uid  dlaavcia- 
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If  it  be  true  that  the  a^lulination  of  barium  Gulphato  and  heated 
eemm  depends  on  the  tlimiDution  of  the  ooUoidal  condition  of  the 
latterT  wc  should  expect  to  ohtain  different  phenomena,  in  accord- 
ance with  whether  we  add  a  large  or  small  amount  of  heated  scrum 
to  a  ^ven  amount  of  suspension.  Wc  put  the  same  amount  of 
barium  sulphate  (4  drops)  in  two  tub^  and  add  to  one  0.95  c.C-  of 
salt  solution  plua  0.05  c.c.  of  heated  scrum  and  to  the  other  O.ti  c.c, 
of  saltsolution  plus  0.4  c.c.  of  the  same  serum.  In  the  first  tube> 
containing  a  small  amount  of  senim,  a  fine  clumping  occurs,  but  the 
sulphate  remains  disisociattti  in  the  second  tube.  The  loss  of 
dissociating  property  of  the  serum  by  heat  may  be  made  up  for, 
then,  by  adding  a  larger  amount  of  the  heated  serum. 

Not  only  will  a  large  dose  of  heated  serum  dissociate  fresh  barium 
sulphate,  but  it  will  also  restore  to  a  fine  suspension  sulphate  that 
has  b^en  previously  agglulinated  by  a  small  dose  of  serum.  We 
prepaid  two  tubes  containing  each  0.fl5  of  a  cubic  {centimeter  of 
salt  i^jlution  anfl  0-05  c.v..  of  heated  serum  and  4  drops  of  our 
emulsion  of  sulphate;  when  agglutination  has  become  complete,  to 
one  of  the  tubes  we  add  0.35  of  a  cubic  centimeter  of  the  same 
healcil  serum  ami  to  the  other  the  same  amount  of  salt  solution, 
and  shake,  Tlie  agglutination  persists  in  the  second  tube,  but  the 
sa^pension  becomes  dissociated  in  the  first  tube;  the  finit  tube  then 
looLs  exactly  as  if  0.4  of  a.  cubic  centimeter  oF  heated  serum  had 
been  a^ldetl  in  a  single  dose  to  4  drops  of  sulphate.* 

A  large  dose  of  heated  diluted  serum  is  necessary  to  dissociate 
barium  sulphate.  The  serum,  however,  may  be  heated  to  100 
degrees  in  such  a  way  as  to  preserve  its  dissociating  property  almost 

ting  prnppniBA  of  spnim  v^te  d\te.  then,  to  difEm^nt  RUtHlanf^es,  wc  ahoulri  he  ablo 
to  remove  the  first  by  a  email  doBc  of  b^ium  sulphulc  iLiid  tliuti  leave  the  Bccood 
idLagL  Wl>  may  theji  treat  a  given  acaouut  (if  hi-3te<l  s«rum  with  an  amouat  of 
sulpUdtp  whi^^h  ut  juat  siifHcient  tn  TSTnovc  iuicltmidinp^;  in  this  vay  v[>  remove  nil 
the  ajEiglutiDatiDg  prapcrticai  but  ve  find  (hat  no  trace  ol  diaaociatLiig  prgporty 
reapiw^ara. 

\V«  t^DDclttde.  then,  that  the  two  different  action?  of  scram  on  barium  sulphate 
arc  due  to  the  eamc  aubstancc  which  becomfs  cliongetl  by  heat , 

*  There  ir^  an  evident  r«ieiiiblaiicc  between  thib  fact  and  Llii;  uhacr^'atlon  of 
fl^nri  ond  Mnyer,  who  found  that  the  i!lunipA  rpnulliug  from  an  agglutination  of 
tW4i  colloids  of  difToreut  ohargea  become  disfioLvod  ia  ao  uxooss  of  one  or  Xha  other 
of  Ihesti  cullujds, 

*  Henri  and  Mufot.  Sk.  dv  Biol..  1004,  No,  19. 
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intacti  if  we  dilute  thefiemm,  cot  with  3  volumes  of  salt  solution, 
but  with  3  volumes  of  distilled  water  and  heat  for  15  minutes  to 
100  liegrees,  Ihe  dissociating  property  of  the  serum  for  suspensions 
is  almoJ^t  intaet.  It  slioulil  be  noteil,  however,  that  whon'as  serum 
diluteil  in  Kalt  solution  and  heated,  becomes  white,  ^eruin  diluted 
in  di.stilied  water  scarcely  changes  in  color,  that  is  to  say,  the  al* 
buminous  substances  of  the  serum  are  very  incompfctely  coagulflteiK 
This  modification  of  the  albuminous  substances  is  imlispetisablc, 
then^inordertobringabout  a  preponderating  Influence  of  the  barium 
sulphate  over  the  tendency  to  remain  in  solution  and  so  allow  it  to 
form  clumps.  If  we  heat  scrum  diluted  in  salt  solution  for  one- 
quarter  hour  to  different  temperatures  (55  degress,  70  degrees, 
85  degrees  and  100  degrees)^  we  find  that  an  a^lutination 
of  barium  sulphate  is  produced  by  serum  heated  to  S5  or  to  100 
degrees,  but  that  di&sociation  is  produced  by  scmra  heated  to  55 
or  to  70  degrees.  It  is  to  be  noted  that  serum  heated  to  70  degrees 
has  not  whitened  pcreeptiblyT  whereas  aenim  heated  to  S5  degrees 
has  become  milky. 

These  fact.^  all  go  to  show  that  in  a  mbcture  of  barium  eiUphate 
and  eerum  either  an  a^Rlutination  or  dissociation  is  produced,  accord- 
ing to  the  more  or  less  marked  colloidal  condition  of  the  serum 
employed.  These  two  very  different  phenomena,  however,  depend 
on  the  same  fact.  The  adheeion  of  the  colloids  to  the  suspensions 
is  just  the  same  as  the  union  between  the  suspension  and  blood 
corpuscles.  The  agglutination  of  corpuscles  by  chemical  pre- 
cipitates  and  the  suspcnaion  of  these  precipiljitea  in  aerura  have  one 
common  explanation,  although  their  appearance  ib  quite  different. 

It  would  seem  to  U3  that  the  existence  of  an  adhesion  between 
serum  and  &  puspenaion  like  barium  sulphate  explains  the  inhibiting 
effect  that  the  scrum  plays  in  the  agglutination  of  corpiu^clea  by 
means  of  suspensions.  This  a<lhft^ion  is  the  result,  evidently,  of  an 
affinity  between  the  suspension  and  scrum^  and  weneeil  only  imagine 
that  this  aiEnity  is  stronger  than  the  one  between  the  corpuscles 
and  the  suspension.  The  su.^pension,  then^  woidd  choose  to  unite 
with  the  serum  rather  than  with  the  corpuscles. 

Up  to  the  present  point  we  have  simply  referred  to  the  experi- 
ments with  suspensions,  corpuscles  and  serum  and  -su^estetl  the 
conclusions  drawn  from  the  data  obtaineilH     We  should  like  now  to 
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glance  for  a  moment  at  the  pheaoiiiena  observed  ia  the  study  of 
colloidal  aubatancea  in  the  Light  of  what  we  have  learned  from  our 
atudy  of  the  suspensions,  even  though  such  a  consideration  must 
be  largely  hypothetical,  Henri,  Lalou,  Mayer,  and  Stodcl  found 
that,  on  mixiDg  a  stable  negative  colloid,  that  is  tosay,  one  that  waa 
little  affected  by  electrolytes,  with  a  colloid  of  the  same  chai^ 
that  h  unstable,  that  is  to  say,  A'eryau.sceptible  to  salts,  there  is  no 
precipitation  and  the  mixture  becomes  even  more  insusceptible 
to  ele(:trolytes  than  is  the  unstable  colloid.  In  a  predpitate  caused 
by  a  floeculation  from  electrolytes  both  colloids  are  present-  Un- 
fortunately this  fact  givea  no  indication  of  tlie  relation  between  the 
two  colloiils  while  in  solution.  One  \s  ternpt«l  to  &upp<^e  ttiat  the 
stable  colloid  protects  the  unstable  o.iUoid  from  the  electrolytes 
owing  to  an  a<lbesioc  between  their  jjarticles.  Such  protection 
of  an  unstable  cnlloid  by  a  stable  colloid  evidently  resembles  the 
proteetion  of  barium  sul[jhate  against  gnivity  by  serum.  We  have 
already  shown  that  this  [in::tection,  which  leads  to  a  susjiensirm 
of  the  sulphate,  is  due  to  an  mlbesion  between  this  substance  and 
the  colloids  of  the  serum.  It  would  therefore  seem  to  ua  not 
unreasonable  to  suppose  that,  in  mixtures  with  the  same  electric 
charge,  the  protection  of  the  unstable  by  the  stable  colloid  is  due 
to  an  atlhesion  between  the  particles  of  the  two  substances.  There 
wouUlbOf  then,  an  ailliesion,  as  in  mixtures  of  two  colloids  of  opjxjsite 
chaiges;  but  whereas,  in  this  latter  case,  a  floeculation  occurs,  no 
such  result  happens  in  mixtures  of  colloids  with  the  same  charge. 
An  adhesion  thus  would  seem  to  take  pUee  between  colloids  with- 
out any  relation  to  their  electric  charge.  Floeculation  subsequently 
does  or  does  not  occur,  according  to  the  case  under  consideration. 
This  flocculalion,  however,  is  not  indispensable  as  a  proof  of 
ailhesion  between  the  two  colloids  and  its  absence  cannot  be  inter- 
preted ss  a  certain  indication  of  an  absence  of  adhesion.  Tho 
precipitation  of  these  colloids  woultl  seem  due  to  factors  some  of 
which  are  already  known  (electrolytes  and  contrary  electric 
ebargee). 

The  existence  of  such  an  adhesion  would  readily  explain  a  phe- 
nomenon that  has  been  observed  by  Manpn  and  Henri  which  deala' 
with  the  opposition  to  aRglulination  of  corpuscles  by  means  of: 
colloids,  both  negative  and  positive,  produced  by  email  amount* 
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of  serum  *  If  w«  consider  the  serutn  as  a  negative  colloid,  it  is 
easily  understaodflble  how  ft  (jfjpuses  the  atrtion  of  positive  col- 
loids on  corpuscles;  it  flocks  these  colloids  as  any  oegative  colloiri 
floeiis  a  positive  one.  Tliis  explanation,  however^  according  to 
Mangin  and  Henri,  ia  not  applicable  in  the  ease  of  negative  colloids, 
¥ince  the  latter  are  not  precipitatevl  by  serum.  These  author*  have 
explained  the  inhibiting  effect  of  serum  on  the  agglutinating  property 
of  negative  coUoids  aa  due  to  the  opposition  that  the  stable  colloid 
has  on  the  tlocculatlon  of  unstable  colloids  of  the  same  charge  by 
means  of  electrolytes,  which,  in  the  case  in  point,  are  the  intra- 
corpuscular  salts  diffused  in  the  Hiiid.  As  wc  have  iilready  scen^ 
this  interpretation  is  based  on  llie  explanation  that  they  have 
pven  of  the  a^utination  of  re*]  blood  cells  by  means  of  coUoida, 
with  which  we  have  alreatly  dealt. 

If  the  hypothesis  of  adhesion  between  stable  colloids  (serum) 
and  ujistable  coUoids  of  the  same  electric  charge  is  exact,  it  woukl 
suffice,  in  explaining  the  inhibition  of  agglutination  of  corpuscles 
with  negative  unstable  colloitia  by  scrum,  to  consider  that  the 
affinity  of  the  colloids  for  scrum  agrees  with  their  affinity  for  cor- 
puscles. The  inhibition  or  agglutination  of  red  blood  cells  by 
serum,  and  the  flocculation  of  positive  colloids  by  serum,  and  the 
noD-fiocculation  of  negative  colloids  and  the  dissociation  of  barium 
sulphate  would  all  be  due  to  the  same  cause. 

CoNCLLrSTONB. 

1.  CertaJn  chemical  prodpitales  agglutinate  and  then  hemolyze 
washed  red  blood  cells. 

2.  This  agglutination  is  due  to  the  direct  action  of  these  precip- 
itates and  corpUHclcfl  upon  one  another. 

3.  It  ia  probable  that  the  agglutinating  property  of  colloids 
for  corpuscles  is  due  fundamentally  to  a  direct  interaction  of  these 
two  substances. 

4.  3eruni  even  in  small  doses  prevents  the  agglutination  and 
hemolysis  of  corpuscles  by  precipitates^ 

*  TbiB  is  ovidfnllj  apalogcua  with  the  fac*  Ihit  nrcho^'O  rpfcrrpd  toinour  first 
arlLcli?*  nanicly.  tliat  scrum  iohibita  tbe  aggluliaiilioii  aod  iteoiol^aiti  ol  rt:d  bluoii 
rails  by  sii»^(miotu. 
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5.  Fresh  serum  retaiiiB  in  suspension  certain  fine  precipitates, 
Buch  as  the  sulphate  of  barium, 

6.  This  dissociation  of  barium  by  aerum  ie  due  to  an  adhesion 
between  this  subt^tance  ancJ  the  albuminouH  colloids  of  the  serunij 
and  is  similar,  therefore,  to  the  apjjlutination  cf  barium  sulplutte  by 
coipuscles,  in  that  they  are  both  due  to  the  aiihesion  of  particles 
in  suspension  to  the  precipitate.  The  adhcsioa  of  the  albuminous 
substance  of  serum  with  suspenBiona  thoy  have  dissociated  is  easOy 
demon-strable  by  the  fact  that  suspcn&ionE  dissociated  by  senim 
remain  so  when  the  excess  of  somm  is  removed  and  also  by  the 
fact  that  with  certain  precipitates  the  colloitlal  substances  that 
have  been  attnchai  to  them  ami  have  kept  them  in  suspension  may 
be  liberat-ed  by  dissolving  the  precipitates  (Iricalcium  phosphate). 

7.  The  intensity  of  the  tendency  with  which  the  particles 
attached  to  the  suspension  tcnii  to  remain  in  suspension  plays  a 
distinct  r61e  in  the  appearance  of  an  agglutination  or  of  a  dissociation 
oF  the  precipitate. 

8.  It  is  possible  that,  in  a  mixture  of  two  colloids  of  the  same 
dectric  sign,  one  stable  and  the  other  unstable,  the  protection  of 
the  first  for  the  second  against  the  flocculating  action  of  electro- 
lytes is  due  to  a  reciprocal  adhesion  of  the  particles  of  the  colloids- 
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XVI.    OBSERVATIONS    ON    THE    SINGLE    NATURE   OF 
HEMOLYTIC  IMMUNE  BODIES,  AND  ON  THE  EXIS- 
TENCE OF  SO-CALLED  "COMPLEMENTOIDS."* 

Bt   FHEDEHICK  p.  gay.  M.D, 

This  article  deals  primarily  with  two  hemolytic  pheDomena.  by 
means  of  whith  two  hypotheses  have  apparently  been  proved 
experimentally.  Although  I  have  dealt  in  each  instance  with  the 
classical  example  only,  my  results  are  doiibtlesa  applicable  to 
hemolysis  m  general- 
ly The  Nattirb  of  a  Hemolytic  Immune  Body  as  REQARoa  its 
Reactivating  Sera. 

As  Bordelt  was  fiist  to  show,  hemolysis  of  rabbit  red  blood  cor- 
puscles may  be  accomplished,  in  the  presence  of  a  suitable  heated 
immune  body  (sensibiliaatricc),  by  any  one  of  several  alexins,  even 
by  rabbit  alexin;  in  this  latter  case,  however,  the  amount  of  immune 
body  necessary  to  produce  hemoly5i3  is  sensibly  increased  over  the 
amount  necessary  when  guinearpig  alexin  la  used-  Ehrlich  aud 
MorgenroLht  were  able  to  corroborate  this  observation  and  dso 
to  add  several  analogous  instances  which  show  clearly  that  the 
relfltion  of  such  immune  body  dosage  is  a  variable  one.  The 
explanation  which  they  offer,  in  harmony  with  their  "Lateral- 
chain  thecT^"/'  is  briefly  as  follows:  In  a  ^ven  case  the  amount 
of  heated  serum  of  a  guinea-pig  immunised  agaia'^t  rabbit  corpuscles 
necessary  to  bemolyze  a  given  dose  of  rabbit  washed  corpuscles  is 
ten  times  as  great  if  rabbit  ''complement'*  (fresh  serum)  is  used  to 
reactivate,  as  when  guinea-pig  *' complement "  is  used.  This  is  due 
to  the  fact  that  a  given  immune  serum  contains  a  series  of  "partial 
immune  bodies,"  all  active  against  the  specific  corpuscles,   but 

*  CcQtmlbL  f,  Bflkt.,  et*.,  I.  Abt.  Origimle.  Bd,  XXXlX.  1005,  p.  172. 
t  Bardet,  spo  p.  134. 

t  Ehrlich  find  Morg«irotb,  5m  Collected  Studies  on  Immiimty,  Ehrti^^h- 
Bolduan,  John  Wiby  ^  Sooa,  p,  67- 
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haviog  L-at'h  an  affinity  for  one  certain  "complemenl,*'  By  natu- 
ral law,  only  the  smallust  number  of  suuh  botlics  in  serum  would 
have  "  compltuieDkipliiUu "  arms  suitable  to  jda  with  the  proper 
"complomciit"  of  the  corpuscles  to  be  destroyed.  In  the  given 
case  a  hemolytic  dose  of  the  guinea-pig  >rabbit  immune  serum  ^-ith 
guinea-pig  "complement"  raay  be  represented  by  the  formula  1  A 
+  1^  Bj  **A"  being  partial  immune  bodies  joining  only  with  the 
^nea-pig  complement,  '*B"  being  partial  immune  bodies  joining 
only  with  the  rabbit  complement.  In  order  to  obtain  hemolysia 
with  rabtwt  complement  it  is  necessary,  logically,  to  have  t<!n  such 
doses  (i.e,,  10  A  +  1  B)  in  order  to  have  one  whole  dose  of  **B. " 
Ehrlich  and  Morgenroth*  have  sought  further  to  establish  thia 
hypothesis  of  the  niultiplimty  of  immune  bodies  in  a  given  immune 
serum  by  meana  of  certain  experiments  with  anli-immune  bodies 
—  a  subject  which  we  need  not  here  consider. 

After  my  firat  results  on  the  subject  I  found  that  this  interesting 
question  had  already  been  considered  in  part  by  Muir  and  Brown- 
ing,! who  have  come  to  practically  the  same  conclusions  a^  myself  j 
although  they  were  unable  wholly  to  refute  the  hypothesis  of  the 
multiplicity  of  immune  bodies  on  account  of  certain  technkaJ  ditfi- 
cultjca ;  these  difficulties  I  have  been  able  to  obviate  by  a  specially 
devised  method. 

Although  nowhere  expressly  stated  by  Bordct  or  by  Ehrlich  and 
Morgenroth,  I  have  found,  in  common  with  Muir  and  Browning, 
that,  when  wc  reactivate  sensitized  rabbit  corpuscles  (heated  guinea- 
pig  >  rabbit  immune  serum)  with  rabbit  alexin,  not  only  is  the 
requisite  dose  of  immune  body  large,  but  also  the  dose  of  rabbit 
alexin  relatively  high.  The  relative  amounts  of  the  immune  serum 
necesBHiy  in  the  presence  of  sufficient  alexin  of  either  animal,  and 
tlie  relative  amounte  of  each  alexin  when  sufficient  immune  body 
is  present  are  so  well  shown  in  the  tables  of  Muir  and  Browning 
that  I  omit  similar  examples.  Aa  regards  the  relatively  high  dose 
of  rabbit  alexin  against  its  own  corpuscles  the  following  {Table  I) 
shows  that  it  takes  nearly  three  times  as  much  alexin  f^  destroy 
numerically  a  sniaUer  number  of  its  own  sensitized  corpuscles  than 
uf  sensitized  ox  corpuscles. 

*  Ehrlich  9.DiI  Morgcnrfith,  B^b  Collected  Sludiss  oq  ToimuDit^,  Ehrlich- 
BdJuurin  John  Wiley  &  Sons,  p,  101- 

t  MuLf  and  Drowning,  Pro«c«d.  Royal   Boc,,  Vd-  LXXIV,  1004.  p,  2fl8. 
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D-l       cc; 
0.075  cc 
0-05    GC 

0  07a  c  F 
0,05    P.c 

complete 

pB-rtial 
filijrht 
Blight 
alJEht 

Waibed  «31  CDTpUBiaH. 

B,  r»fcb">  0^.  a**. 

0.DS5C.C. 
0.023  C.C. 

0  15  c  c 
0  IS  cc 

complete 
slight 

As  regarJa  the  technic  of  hemolytic  experiments^  it  may  be  well 
tpO  note  the  rfile  playeil  by  an  excessive  amount  of  isotonic  salt 
solution  in  the  suspensions  of  test  corpuscles  etnpioyeil  by  many 
oljservers.  It  woukl  seem^  a  jjriori,  desirable  to  deal  with  cor- 
puscles as  nearly  as  possible  in  their  normal  condition  of  suspension 
ID  the  blofxl,  but  the  ajLlvantages  of  a  5  per  cent  sijs|>ension  are 
manifest,  since  smaller  amounts  can  be  accurately  measured  and  a 
great  waate  of  often  prociouy  niateriala  obviated.  But  I  have  noted 
repeatetlly  ihat  the  dilution  of  a  small  amount  of  alexic  serum  by 
BO  great  an  excess  of  isotonic  solution  unquestionably  affects  its 
activity  and  often  completely  inhibits  it.  This  is  weli  shown  in  the 
case  of  sensitized  rabbit  corpuscles  when  acted  on  by  rabbit  alexin. 


TABLE   11. 

WaaEwd  nbblt  corpuvlH. 

5.  KUlHEl-pli!    > 
tBbbtL.  6S°. 

lUbblt  ntula. 

i%  fliiipennan  in 
NiCl  (t>.SA%). 

Cirnrrarufflli£»fr1 
[leposlt  ol  b%  lUB- 

BemoljaEA. 

2  c-c, 

£c.c- 

0-4  c.c. 
0,4  c-c. 
0.4  cc. 
0.4  cc- 

0  4  c.c. 

DJ  C.C. 

i.i  c-o. 

none 
P&rlml 
slight 
complete 
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A  similar  and  yet  mcjre  striking  example  of  tbe  effect  of  a  great 
ext'eas  of  isotonic  solution  will  lie  givi*n  later.  To  retain  Lhe  use- 
fulness of  the  5  per  cent  suspension  and  to  obviate  its  errors,  T  have 
employed  this  method  of  centrifiigaUzing  the  suspension  in  the 
a<!tual  experimental  tube,  removing  the  supernatant  fluid,  and 
BuTjsequently  adding  the  small  amount  of  physiological  solution 
necessary  to  bring  the  blood  suspension  to  its  primitive  volume, 

Anotlier  source  of  po^iihle  error  in  experiment's  of  this  nature 
is  the  presence  of  aJiti-aJeiiu  action  in  the  excess  of  heatetl  immune 
serun],  which,  in  rare  instances,  inhibits  the  activity  of  the  proper 
alexin  of  the  corpuscles.  The  occurrence  of  such  an  action  ia  not 
surprising  when  wc  consider  that  the  usual  procedure  for  the  pro- 
duction of  an  inuTiune  serum  ly  to  immunize  animals  with  the  whole 
defibrinated  blood,  that  is,  with  corpuscles  plus  serum.  The  remedy, 
of  course,  consists  in  removing  the  excess  of  immune  serum  after 
it  has  been  allowed  to  come  in  contact  with  tho  corpuscles. 

Although  the  amount  of  rabbit  alexin  necessary  to  hemolyze 
aensitlaed  rabbit  corpuscles  is  relatively  large,  it  is  easy  to  show 
that  smaller  doses  combine  perfectly  with  the  corpuscle-immune 
body  complex.  As  Muir  expresses  it,  the  combining  power  is  pei^ 
feet  although  the  toxic  poweria  slight  Such  variations  in  toxicity 
were  previously  noted  by  Bordet*  in  consonance  mth  his  quanti- 
tative idea  of  Lhe  differeni't*  in  alexinR. 

If  we  take  Tabic  I,  for  example^  and  add  to  each  of  the  super- 
natant fluids  of  tubes  I  to  5,  in  which  more  or  It^s  hemolysis  has 
occurred,  sensitized  ox  corpuscles  [ox  eorpueelcs,  0.025  of  a  culnc 
centimeter  +  S.  rabbit  >  ox,  55  degrees,  0.05  of  a  cubic  centimeter), 
wc  obtain  no  trace  of  hemolysis  in  any  luljc,  which  shows  that  tho 
rabbit  alexin  has  already  combined  perfectly  with  the  seasitiBcd 
rabbit  corpuscles. 

Before  proceeding  to  the  proof  of  the  simple  nature  of  the  ii^nea- 
pig-rabbit  immune  body^  it  will  be  necessary  to  describe  an  experi- 
ment which  offers  a  valuable  technical  method  for  the  solution  of 
this  problem,  and  which  may  also  prove  of  service  in  other  liemolytic 
eyperinicntti.  It  is  already  known  that  when  corpuscles  have  been 
hemolyzed  by  means  of  a  heated  specific  scrum,  and  a  "lose  of 
alcxiiij  which  is  not  in  excess,  added,  the  resulting  stromata  b&ve 

*  Bordet.  H«  p  234. 
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still  the  al>ility  lt>  absorb  aflditionnl  jiorUons  of  alexin-  I  have 
fouDil  also  that  stronmta  prochjctxi  by  heating  corpuscles  to  55 
degrees  forhalf  an  hour  retain  imimpaiml  their  powur  of  absorbing 
imiiiune  botiy,  or,  if  previously  sensitized,  of  absorbing  alexin, 
Rabbit  corf)uscles  are  completely  hprnolyaed  by  this  lEmperature, 
but  ox  corpuscles,  although  showing  a  reiluction  of  hemoglobin, 
remajn,  for  tlie  most  part,  microscopically  intact.  The  affinities 
of  ox  corpuscles  after  heating  to  55  degrees  are  shown  by  the  follow- 
ing experiment; 

THREE   TT'BES  ARE  PREPARED   AS   FOLLOWS; 

Tube  A,     Ox  corpusclEs  prpvLously  heated  to  55  degrees  (not  hem(^ 

Lvieil)  d.2  c.c. 

Semm  mbhit  >  oi,  55  degreea  0  8  c.p. 

S.  guinen-pig  UleTfin)  0.5  c-c. 

Tube  B.     Ox  corpuecica*  55  dc^grecfl  0.2  c^c- 

S,  noTtnal  rabbity  55  d^^re^  O.S  c^c> 

3.  guinen-pig  0.5  CC. 

TubeC.      Oi    rnrpiisries,    0.2  +  Serum    rabbit  >  or,    OS,    hcsi«d 

1.0  55  Jegrees 

S.  guinea-pig  0.5  c.c. 

In  lubes  A  and  C  liemolyaia  is  coinpl?itfl;  in  B  aa\. 

To  tbc  ccutrifugaliicd  ^upcmAtaut  fluiiif  of  A,  B  and  C  in  added 
Bubeoqucntly 

Os  corpuflclea  01  cc^ 

3,  rabbit  >  ox,  65  degrem  0,4  c^n. 

Tube  D  (coDtrDl).     Ox  coTpax\es  0.1  c.e. 

E-  mbhjt  >  ox.  55  d^^reea  0.4  c.e, 

S.  guinca-pig  0,3  C-C. 

lu  tubca  B  and  D  hcmolynifl  \a  coniplete. 

In  l\i\res  A  and  i;  hemolysis  nul. 

Similar  results  may  be  obtained  with  rabbit  corpuscles  with  the 
exceptioD  that  they  are  heniolyzcd  by  heating  to  ^o  degreea. 

In  considering  the  nature  of  the  guinea-pig  >  rabbit  immune  body 
1  shall  give  an  example  in  whirh  the  relative  doaea  of  tbe  immune 
body  and  the  alexin  of  rabbit  or  of  guinea-pig  chanced  to  be  the 
same  aa  in  the  classical  example  of  Ehrlich,  Of  course  it  is  under- 
stood that  this  relation  is  not  a  fixed  one,  as  Ehrlich  has  shown.  In 
thia  case,  in  order  to  produce  hemob'sis  of  rabbit  corpuscles  in  the 
presence  of  sufficient  rabbit  alexin,  it  took  ten  times  the  amount  of 
heated  immune  scrum  as  when  using  guinea-pig  alexin.  In  the 
language  of  the  Ehrlich  hypothesis,  the  necessary  df>se  of  immune 
Berum  with  rabbit  alexin  may  be  represented  by  10  ''A"  +  1  "B," 
"A"  being  the  partial  immune  Ixxly  suitable  for  guinea-pig  alexin 
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and  **B"  Ihepartialimniunebocly  for  rabbit  alexin.  Rabbit  alexin 
cannot  join  *'vV"  or  hemolysis  wouJd  bo  produced  with  the  same 
dose  of  immune  body  as  when  employiDg  guinea-pig  alexin.  Now, 
if  we  produce  hemulysis  with  rabbit  alexin  in  the  presence  of  the 
necessary  amount  of  immune  serum,  the  1  "B"  will  be  satisficii, 
that  is,  one-t'lcventh  only  of  the  amboceptors  will  have  their  "  com- 
plementophilie  "  anna  plugged,  while  10  "A/'  or  the  remaining  ten- 
elevenths,  will  be  attached  to  the  stromata  and  be  n^till  ready  to  fix 
many  hemolytic  doses  of  guinea-pig  alexin.  This  is  tlic  logic  of  the 
Ehrlich  hyixitht>si&-    Experimentally  we  obtain  the  following  r«iults : 

Rabiiitn  corpuscles  artr  hemolyzfil  with  rabbit  alexiLi  and  guinea-^ 
pig  >  rabbit  heated  immune  serum;  llu^  ^^triimata  an*  then  heated 
to  5p1  degrees,  which  wiU  destroy  any  rabljlt  alexin  that  may  be  free, 
or  prevent  any  further  toxie  action  from  it,  but  will  leaver  the  cor- 
puscle-immune-body complex  still  miaffeeted  as  reganls  it.-!  further 
absorption  of  the  guinea-pig  alexin  by  lis  suppose*lly  unsatisfieil 
10  "A"  nmboceptoni.  In  fact,  we  find  that  the  alexin  of  the  gui- 
nea-pig  sul»sfM:|ut'nLly  atUktl  remains  enlin^ly  fn^e:  not  one  slight 
portion  of  it  has  l>een  atl.aeheil,  aw  is  shown  by  suitable  controls- 
In  other  words,  the  fixation  of  rabbit  alexin  will  Ltmipletely  pre- 
vent the  subsequi'ut  fixation  of  gutuea-pig  alexin.  The  details  of 
the  experiment  follow. 

Minimal  hemolytic  dose  of  guinea-pig  >  rabbit  immune  serum,  55 
degrees,  for  0,025  of  a  cubic  centimeter  of  washed  rabbit  corpuscles. 


with  n 

02a  p  c. 

wttb  gL 

0.025  c.e. 

Relation  10  :  I. 

THREE   L.*RGE  TUBES  ARE   PREPARED: 

Tube  A, 

Wasbetl  rabbit  ciirpuselp* 

0,125  c.c 

^.  gULDiMt-pig  >  rabbit,  55  degreoa 

L25  c,c. 

S.  rabbit  (alexia) 

1.25  cc 

TabeB. 

Wusbt^d  rabbit  curpuscliis 

0-125  C.C. 

S  ^iiini^a^pi^  >  rjibblt.  o^  degrees 

l.Mc.i*. 

S,  rabbity  ij  dt^iwa 

1-25  C.C 

Tube  a 

WaJibod  rabbit  [rorpLiscI^ 

0.125  «,c. 

S.  nommL  ^incn-pic  5^  degrees 

1.25  G.C. 

S,  mbbit.  55  iju^rees 

1^  CO, 

Conract  at  37°  C  for  l  hour. 

Tube  A  1 

i*  perfectly  hcrnolyzed. 

T^lbe  B<  a^tutirLation;  aa  bomolyaia. 

TubeC. 

[lO  clumge, 
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The  cartents  of  tlie  three  tube^  are  (hen  heated  to  55  degrera  for 
one-half  an  hour.  Hemolysis  cami)iele  in  all  LuIjg?^.  From  each  of 
the  tubes  A,  B  aad  C  are  preparer]  three  sii»aller  tubes,  each  con- 
taining 0-5  of  a  ruble  centimeter  of  the  ytronia  iiiivture,  that  is,  the 
slrnmataoF0-025of  a  cubic  eeiithiietur  of  rabbit  Cfjrpuscles.  Tnthe 
cfirnspondiug  tubes  in  each  serifs  is  addetl  the  same  amrmiit  of 
fresh  guinea-pig  alexin,  as  follows: 


"A"Ecrica,            Tubal. 

■*vV"  mixturo 
S-  guiuea-pig 

0-5  c.a, 
0,035  c,c. 

Tube  2. 

"A"  mixture 

0-5  cc. 

■ 

S-  guinen-pig 

0-05  c-o. 

Tubo3- 

"A"  mixture 
S-  guinea- pig 

0.5  c.O. 

O-I  CO.               1 

"B"eeriea.             Tube*. 

"B"  mixture 
S.  guinea-pig 

0-5  cc,               1 

0.025  C.C.           1 

Tubefi- 

"B"  mixture 

B-  guinoa-pig 

0-5  c.e. 
0-05  CO. 

Tube6- 

''B"  mixture 
5.  guioca-pig 

0-5  c.c, 
O.l  e.c. 

"C^Herles.            Tube  T. 

"C"  mi-cliire 
S-  guineft-pig 

0-3  cc, 
0-025  CO. 

Tubes, 

"C"  mixture 

B-  gutoea-pig 

0-5  CD, 

0-05  c.Ch 

Tube  9. 

"C"  mixlure 
S.  gtiin^-pig 

0.5  c.c, 
O.l  c.p. 

Contact  lit  37*  C  for  1  hour. 

Tubea  centririi^lized. 

The  aupemnlant  fluid 

of  each  tube  is  pLuefi  in  a  new 

tub«  cont4iming: 

Washed  rabbit  corpuscles 

0-023  C.C 

S  ^uinca-piR  >  rabbit,  55  degrees 

0.03   e.c. 

Boflultant  hemolysis  iaas  foUowa; 

"A"  iierita 

"B"  series 

"C 

"  series 

1.    Mnrkr-tl 

4.    None 

7. 

Harked 

2-   Complete 

5.   Noae 

S, 

Complete 

3-   Complete 

6.     NOQQ 

0- 

Complete 

In  series  "A"  the  guinea-pig  alexin  is  left  entirely  free  because 
tbe  avidity  of  the  corpuscle-immune  body  complex  for  alexin  has 
been  entirely  ^atislictl  by  the  rabbit  alexin.  In  aeries  "B''  tbe 
sensitizul  corpiisclca^  aubjectetl  to  the  same  conditions  of  heat  and 
serum  dilution  as  series  '*  A, "  absorb  perfectly  the  guinea-pig  alexin. 
In  scries  *'C"  we  have  a  control,  with  no  immune  serum,  which 
leaves  just  aa  much  but  no  more  guinea-pig  alexin  free  than  does 
Benes  "A."  The  certain  conclusion  fmm  this  experiment  is  that 
the  immune  bwly  against  rabbit  rorpu&cles  is  of  a  simjile  nature  as 
regards  combination  with  one  or  another  alexin. 
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II-  The  Nature  op  a  So-called  "Cosiplememtoid/" 

In  his  analogy  between  antitoxic  anfl  hemolytic  sera  Eliriieh 
prosiippot^d  the  existence  of  substances  callod  "complementnide" 
— derived  from  "complements,"  m  ''toxoids*'  are  euppoeed  to  be 
derived  from  toxin;^.  These  "complementoids*'  are  depicted  aa 
possessing  a  "haptophcre  group"  but  no  "zymotoxic"  firoup,  in 
distinction  from  comploment*;,  which  have  both.  That  is,  they 
have  none  of  the  toxic  or  hemolytic  anivity  of  complements,  but 
may  give  rise,  when  injcettxi,  to  "  antiecmpleinents/'  and  niaVf  under 
certain  conditions,  combine  with  amboceptors.  After  the  hypothe- 
sis followed  appan?nt  experimental  proof  of  the  existence  of  such 
bodies.  Ehrlich  and  Sachs*  demcribe^.l  a  phenomenon  which  occurs 
in  do^  serum  which  they  call  '' Vcrstopfung  der  Ambozeptoren 
diireh  Komplcmentolde/'  —  the  plu^p^ng  of  amboceplora  by 
means  of  coTnplomcntoidB.  The  flotaib  are  briefly  as  follo^"^:  Frt^h 
dog  serum  hemolyzos  guinea-pig  corpuscle^:!.  Dog  scrum  hc-ato<I 
to  51°  C  for  one-half  hour  loses  it,s  power  to  produce  this  hemolysis 
owing  to  the  1 1 c^t ruction  at  this  temperature  of  the  very  labile 
complement.  This  heated  scrum  (Ambozeptor)  may  be  reactivated 
by  guinea-pig;  *'coraplcnient/'  If,  however,  the  corpuscles  are  left 
in  contact  with  the  heated  dog  serum  at  37°  C  for  2  hours  the 
subsequent  additiou  of  frceh  guinea-pig  scrum  produces  no  hemoly- 
sis,! This  tad  is  ascribetl  to  a  plugging  of  the  "  complemetitophilic 
arm"  of  the  dog  amboceptor  by  meaa^  of  the  " complemenloida " 
present  in  the  serum  iicatcd  to  51  degrees.  The  amboceptor  ia  said 
to  be  deiilroyeil  by  a  temperature  of  60  degrees;  the  somewhat 
unusual  nature  of  thia  amboceptor  is  fully  discussed  in  another 
place  by  Sachs4  but  need  not  concern  us  here. 

■  EhHich  and  Sachfl.  Spd  t'oLlected  Stadics  on  Immunity,  Ehrticb-Boldiuii, 
JuLn  Wik-y  A  Sccfl.  p-  309. 

t  Ahhough  etperimenuil  proof  that  the  sijljaeqiicntly  ndiled  alexin  has  not 
hocti  oombiuod  is  not  ofTvred  by  the  autliord,  euch  a  nmtt^r  is  eney  \o  dct^ffmine. 
IfwccealnfugaLiEFAucbatubeaQj  UitliefUptnuitftnt  fluul  odd  Ueal«d  dot;  scrum, 
nrd  ihpT]  porpjaple^;  liemolyjiin  in  produced,  allowing  lliat.  Uii?  idc^in  has  rrally 
been  kept  oul  or  conibiruiti:»n  hy  the  hKitcd  doc  aenioi  unitciJ  to  The  corpaselra. 
The  coulrol  la&  tube  in  whicb  htiaolysia  boa  occurred  by  tLp  iJdJtioa  of  do^rterum 
and  nl^Kin  a,t  the  same  time,  in  which  cas«  no  Bub^equ^nl  uleiic  activity  Is 
dctecUble- 

t  3ac\is.  n.,  See  CoHscIcd  Studna  od  Imiauaity,  Eltrlich-Bolduan,  John 
Wiley  A  Sods,  idem,  p.  ISfi. 
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In  dealing  with  tUs  ijlieiioiiienoti,  T  have  found  the  results  as 
given  do  not  express  the  entire  tnith  as  I  have  found  it.  The 
doses  given  in  the  "  plugging"  evperinient  described^  are  as  Follows: 

Guinea-pig  washed  corpuacle*,  5  per  cent  ou^jeooion  i  c  c 

Dog  serum,  50  tu  51  degrefji  (1.5  c  c 

Gi]JD«a-pig  Berum  0^5  c-c- 

which  doses  1  .^hall  u^e  in  the  experiments  to  be  describctl.  I  have 
found,  fl5  a  matter  of  fact,  that  dog  serum  hcatcii  to  the  degree 
mcntional  doc5  always  give  a  sUght  hemoly&ia  of  guinea-pig  cor- 
pusdca,  a  fact  which  is  raaskc<l  by  the  excess  of  salt  aolution  used 
in  the  5  per  cent  suspension.  If  we  deal  with  the  centrifugahre<I  de- 
posit of  1  cc.of  aSpercentsuspensioEi,  or  simply  with  0.05  of  a  cubic 
centimeter  of  washed  corpuacica,  this  hemolysis  is  clearl}'  shown. 
That  dog  serum  heated  for  one-half  hour  to  50  degrees,  51  degreea 
or  52  degrees  does  poHsess  distinct  hemolytic  power  for  guinea-pig 
corpuscles  may  be  shown  more  distinctly  in  the  following  way: 
If  we  prepare  a  series  of  tubes  each  containing  1  c,c,  of  suspensions 
of  coriju.^des  of  5  per  cent,  3  per  cent,  1  per  cent  and  ontviialf  per 
cent  respectively,  and  to  each  tube  wM  the  given  dose  of  healed  dng 
serum  {0.5  of  a  cubic  centimeter,  50  lo  51  degrees),  we  find  iifter  2 
hours  at.  37°  C  tlmt  in  the  tulies  at  1  [>er  ceiit  and  one-lmlf  per  rtmt 
hemolysis  is  complete;  or,  better  still,  if  we  use  the  eenlrifugalized 
deposits  of  such  a  aeries  of  suspensions  without  the  excess  of  salt 
soluUun.  wi'  find  that  hemolysis  is  complete  in  the  tubes  at  3  per 
cent,  1  per  cent  and  one-half  per  cent  and  marked  in  the  5  per  cent 
tube.  Itp  is  evident  from  such  an  experiment  that  the  so-called 
■'L'omplementoid"  is  nothing  more  than  a  '*  complement "  the  hemo- 
lytic activity  of  which  has  been  impaireil^  but  not  destroyeiJ,  by  the 
heating.  That  the  subsequent  wldition  nf  guinoa-pig  serum  does 
not  sensibly  increase  the  hem<»lysis  in  such  a  series  of  tubes  is  per- 
fectly true^  which  means  that  there  is  a  "plugging"  (Verstopfung) 
by  means  of  the  partially  destroyetl  "  complement. "  The  combining 
power  of  the  "complement"  has  been  no  more  destroyed  than  the 
toxic  power.  If,  instead  of  dog  serum  heated  to  51  degrees,  w^e  use 
dog  serum  heated  to  oG  degrees,  we  find  another  more  striking  exam- 
ple of  thb  modified  '*  complement-*'  To  a  similar  series  of  tubes  at 
o  per  cent^  3  per  cent^  1  per  cent  and  one-half  per  cent  reapectively 
add  0.5  of  a  cubic  centimeter  of  dog  senim  heated  to  56  degrees  for 
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one-hair  hour.  Afttr  3  hours  at  37*^0  slight  hemolysis  is  present  only 
in  the  tube  at  uae-haU  percent  (ccmplelc  hemoly&lsif  thetlepisit  of 
such  a  suspension  is  use<i),  which  shnws  that  not  even  at  Ihis  tem- 
perature is  the  t(jxie  action  of  tIie"com[]lenient"e[iliiX'ly[|fvIroye<l. 
If  we  ad<l  0-5  of  a  cubic  centimeter  of  fresligui[tea-|>ig  serum  fo  an 
analogous  series  of  tiiloes,  it  is  found  that  hemolysis  is  all  but  com- 
plete througliout  the  serie??,  that  is,  only  the  slightei^t  "plugging" 
has  otcurreil.  The  combining  ability  of  the  dog  complement  is 
inipairt?*!  eijually  with  and  proportionately  to  the  toiic  ability. 
The  tableiJ  follow: 


TABLE  I, 


Woslied 

CDTpwcM  In 
EUBpefision  ot 

Doe  wruriit 

Onimct,  S7*. 

NaCL  »U 

OonLut.    37°. 

Hrraolyrli. 

B%  1  ce 

3%  I  c  c 

i%  1  c  c. 

0-5%  1  ce. 

0  5c  c 
0  5c  c. 
0  5c-e- 

2hour» 
2  hoan 
2  hours 
2  hours 

U^cc 
0,5  c.c. 
OS  c.c. 
0  5  c.c 

]  hour 
1  hour 
1  hour 
1  hour 

trace 

comjilete 
comj^lelE 

TABL 

e:  il 

AiiHEieiifilDn  aE 

Dog  serum  4 

Qmlflct.  37". 

xta  Boi. 

CODlul,  37**. 

HDmolyAii, 

3%  (.05c.*;.) 
l%(,0&c.c.) 

0.5  C.C. 

0.5  c.c. 
0-5  c.c. 
0.5  C.C. 

2  houra 

2  hours 
2  hours 
2  buura 

0,5  C.c- 

0.5  c.c. 
O.d  c.c. 
D.5  c.c. 

1  hour 

!  hrmr 
1  Lflur 
1  tiour 

nearly  com- 
plete 
coTnp|f>t(* 
complete 
coniplete 

•  ft 

BprpABDCi  the  a 
TAPL 

(ml  roluiDV  pr 

E  in. 

eaenC 

WfUllHfl 

corinficlia  lu 
waueoaigD  uE 

noearrujii. 

Contlrln  37° 

me- 

ITaatuL.  37°. 

Hemotyili, 

5%  I  CC 

3%  Icc 

I7f^  1  c  c 

Q.S%  lee. 

OJcc 
0.5  c  c 

0.£cc 

2  hours 
2  hours 
1  tjours 
i  hours 

0.5  c  c 
U.5cc 
U.5ci: 
0.5  cc 

1  bour 
I  bour 
1  hour 
1  hour 

trace 
marked 
complete 
complete 
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TABLE  IV. 


Deptnit  or  1 

cc,  G.  p- 

■wrpuscles; 

mspen^n  of 

Do?  Bffum. 

Crniid,  37*. 

Alexin  ^Ina- 
p<ff. 

Coniact,  3^^ 

H^molysta. 

5%(.05cc) 

3%(.05cc) 

1%  (  05  c  c  ) 

n.5%  (.05  cc  ) 

0-5  CC 

0.5  CC 
0.5  G  c 
0.5  cc 

2  hours 

2  hours 
2  bours 
2  hours 

0.5  cc. 

0.5  c  c 
0.5  cc 
0.5  c  C 

1  hour 

1  hour 
1  hour 
1  hour- 

ucorly  com- 
plete 
complete 
complete 
complete 

TABLE  V, 


Wafibed 

flujnw-pig 

CorpusqlcH  In 

Buspenaion  ot 

Dog  serum. 
56*  C. 

Ccmincl,  37*". 

N»C1  »I. 

CoDtact.  37^. 

Hemolyald. 

5%  I  C.c. 

3%  Ice 

l%lc.c. 

0.5%  Ice. 

0.5  CC 
0,5  cc 
0-5  cc 
0.6  cc 

2  hours 
2  hours 
2  hours 
2  hours 

0.5  c,c- 
0.5  PC 
0.5  cc. 
0.5  c-c 

1  hour 
i  bour 
I  hour 
1  hour 

Qoue 
none 
none 
marked 

TABLE   VI. 


Deposit  of  1 
c.Cr  G,  Pr  cor- 
puscles ;     au3- 
peTiAJon  ot 

DOK  Hfum, 

UnUfcCt<  37°, 

NbCI  »I. 

CtKiiacl^  37*. 

Hemoljaifl. 

5%  (.05  CC.) 

3%  COScc) 

1%  (.05  c.c.) 

0.5%  (OScc) 

0.5  c  c 
0.5  cc. 
O.Sc.c. 
0.5  cc 

2  hours 
2  hours 
2  hours 
2  hours 

05  cc 
O.Sc.c. 

o,ac.c 

0.5c  c 

1  hour 
1  hour 
1  hour 
1  hour 

none 
none 
Blight 
complete 

TABLE   VII 


Wflshcd 

gulnttpig 

ccirpUKles  lu 

FLupeDslon  of 

Dor  EeruRit 

Contact,  37°. 

Alexin  ^Inpa- 

ConlBCI.  37''. 

HemoJyala. 

S%  1  CC 

3%  I  cc 

1%  1  cc 

0.5%  1  cc. 

O.Scc 

0,5c  c 
0.5e  c 
0  Sec. 

2  hours 

2  hours 
2  hours 
2  hours 

O.Scc 

0  5cc. 
0  5cc, 
0  5c.c 

I  hour 

1  hour 
1  hour 
1  hour 

nearly  com- 
plete 
complete 
complete 
complete 
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TABLE 

Vllt 

DvtHwil  or  1 

(■  c.  i^orpiifr- 

Doc  i^erua. 

CbntDct,  37". 

ALevid  puineJL' 

COoUft,  B7", 

Eemolytis- 

tls;  suvpen- 

50*  C 

ri« 

liIDD   Dl 

6%  C  oa  c  c  ) 

0  5c  c 

2  hrllr^ 

0  5r  c. 

1  houT 

nearly  rcm- 
plela 

3%  f  OS  c  c  ) 

D    5CG 

2  hours 

Q,5c  c 

1  hour 

romp  lets 

1^0  (  OScc  > 

Q  Sec 

2  hoUFA 

0,5  c  c 

1  hour 

complete 

tl.5%  (  OS  c  0  ) 

0  6  c^c 

2  b^urB 

0.5  cc. 

I  hour 

poiupLeU 

Controls: 

G.  Tl-  CDTPUfl- 

cles,  a%  **a- 
IienfiloD    In 
0  S&%  NnCl- 


(log  5&-5L°  .O.a  c^c-   Alex,  guinea-pfg  0,5  cc- oompltfTe  10  mjns. 
dog         56°.0,5c.c,    Alex.  guJuca-pig  l}.5  c.c^  GompLele  ID  mLna- 


In  thrae  experiments  we  again  see  the  1 1 L^a<! vantage  of  einplnying 
a  5  percent  suspension  owing  to  the  inhibiting  action  of  the  great 
excess  of  salt  solution  on  a  weak  alexin  (series  T  anil  TI,  III  and 
IV,  etc.)-  Ht'ating  dog  serum  to  51  degrees  merely  weftkeas  the 
toxic  ami  combining  activity  of  the  dog  alexin;  5G°  C  thes  not 
wholly  destroy  either  the  toxie  or  the  ofimhining  activities  of  the 
jilexio,  but  destrtjys  one  bs  much  a^  the  (ither.  The  normal  immune 
Ixhiy  a|j[jttreDtly  suffers  no  impainneiit  by  heating  to  56  degrees 
(Controls). 

COXCLUfilOXS. 

1,  Suspensions  of  bbovl  corpasctes  for  hemolytic  experiments 
of  5  per  cent  are  disadvantageous  unless  the  excess  of  [loruial  Miline 
solution  be  reraovedj  aw  alexJc  power  is  often  entirely  inhibited  by 
the  great  excess  of  fluid. 

2.  Heating  to  55  degrees  for  onohalf  hour  does  not  affect  the 
power  of  ox  or  rabbit  corpuscles,  even  when  hemolysis  is  produced, 
to  absorb  suitable  immune  bodies  or  alexins. 

3.  A  given  hnmune  serum,  active  against  rabbit  corpuscles, 
contains  a  sifuple  immune  bo*ly  as  regards  affinity  for  various 
alexins. 

4,  SoH^alled  '' com  piemen  toids  "  (tojudgefrom  the  test  example) 
are  simply  "complements"  (alexins)  in  which  both  the  combining 
power  and  the  beraolytie  power  are  weakened. 
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(Sachs  (Central,  fiir  Bakt.,  etc.,  Abt.  I,  Orig.  Bd.  XXXIX,  1905) 
has  questioned  the  experimental  accuracy  of  the  part  of  this  article 
bearing  on  coniplementoida.  In  a  reply  Gay  (Central,  fur  Bakt., 
XL,  1906,  695)  has  repeated  the  experiments  and  proved  that  dog 
serum  heated  to  51°  C  is  not  only  slightly  hemolytic  for  guinea-pig 
corpuscles,  but  will  hemolyze  more  markedly  either  rabbit  or  guinea- 
pig  corpuscles  that  have  been  treated  with  a  heated  immune  serum. 
The  conclusion,  then,  is  that  in  classical  examples  of  "  complement- 
oids"  we  have  to  deal  with  a  *' complement"  the  toxicity  of  which 
has  simply  been  attenuated,  and  that  no  satisfactory  experimental 
proof  of  the  existence  of  ^'complementoids"  exiata.    F,  P.  G.) 


XVU.       THE     FLXATION      OF     ALEXINS 
t^ERUil  FRECIPITATES* 


BY    SPECIFIC 


Bt  fredehick  p.  gay,  m.d. 

We  possess  alrca^ly  a  wealth  of  experimental  detail  relative  to 
the  specific  irainuue  bcKlics  formed  in  the  ^era  of  animaLs  injectefl 
cither  with  simple  cells  or  with  such  complex  fluids  as  clcfibrinated 
blood  or  blood  serum.  Among  tlic  best  known  of  these  immune 
holies  are  the  specific  hemolysias  a,ncl  hacteriolysins,  the  activities 
of  wliich  have  been  most  fruitfully  studied.  We  know^  for  example, 
that  a  given  hemolytic  immune  boily  (substance  sensibilisstrice, 
amboceptor)  formed  after  the  injection  of  foreign  red  blood  cells 
has  two  important  properties,  namely,  the  pnkperly  of  sensitizing 
the  causative  cell  in  such  a  manner  as  to  allow  it  to  be  destroyed  by 
Uie  alexin  (complement)  of  various  fre-^li  normal  sera;  and  secondly, 
Ihe  pjwer,  when  it  has  formeil  a  coniiilex  with  the  causative  cell, 
of  fixing  an  alexin.  This  second  pn)perty  is  perhaps  the  mure 
important,  *ynee  the  alexin  can  often  be  shown  to  have  been  absorbecl 
by  the  cell-immune-lx»dy  complex  even  wlien  the  cell  itself  is  nol 
destroyed.  Imieerl,  this  alisorption  of  alexin  has  given  the  means 
of  determining  the  existence  of  sensitizing  substances  where  they 
might  not  otherwise  have  been  shown  to  exist.  Bordet  and 
Gengou|  have  sho^^Ti  that  the  majority  of  antimicrobial  sera  con- 
tain "substances  senslbilisatriees'*  that  absorb  alexin  in  instances 
where  destruction  of  the  specific  bacteria  is  not  produced,  anct 
GengouJ  has  further  shown  that  the  injection  of  certain  albuminoids 
may  likewise  give  rii^e  to  specific  sensitizing  sera  whir'h  may  form 
Vtiih  the  causative  suljstancea  mixtures  that  absorb  alexin. 

•  Ceninilblutt  fur  Bakt..  I  ALL.,  Orig.  XXTX.  IMS.  603. 
t  Bordel  iiud  Geapiou,  see  p,  217. 
J  GeagoUn  eoe  p.  241. 
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I  was  lecl  rec€utly  to  consider  the  effePl-  that  hemolytic  iinniiine 
serum  heatetl  to  55°  C,  and  then  left  Id  contact  for  a  lime  with  tlit! 
specific  red  blootl  corpuscles,  might  have  on  the  activity  of  an 
alexin.  It  surprised  ine  to  find  that  such  a  treated  serum,  L-en- 
trifugalized  long  enough  to  free  it  of  the  corpuscles,  had  the  power 
of  neutralizing  the  hemolytic  activity  of  an  added  alexin,  as  could 
be  shown  by  subsec[ueutly  introducing  sensitizod  corpuscles.  In 
controDing  more  carefully  euch  an  experiment  T  found  that  the 
treated  immune  serum,  although  frood  of  all  corpascles  by  the  firet 
short  centrifiigalization,  would,  wheu  centrifugalizod  asccond  time, 
show  a  slight  doudiuess  at  the  bottom  of  the  tube,  which  micro- 
ecopicfllly  exhibited  the  nmorphous  character  of  specific  precipi- 
tatcs>  If  this  precipitate  wa^  reinove<l  from  the  treated  serum,  no 
fixation  of  the  alexin  took  place.  It  seems,  then,  cjuite  evident  that 
a  epcciSc  scrum  precipitate  has  the  power  to  fix  alexin,  and  the 
causative  factors  of  such  a  precipitate  must  now  concern  us. 

Of  the  precipitate-forming  factors  in  the  experiments  to  which 
I  have  referred  the  precipitin  was  of  course  furnished  by  the  immune 
serum,  but  the  source  of  the  precipitinogen  is  not  so  evident,  since 
washed  corpuscles  and  not  native  blnod  were  used*  Further  obser- 
vatioag  showeil  that  although  the  corpuscles  for  thc^c  experiments 
had  been  washed  once  or  twice  with  a  relatively  large  amount  of 
physiological  solution,  such  washing  was  not  sufficient  to  remove 
all  the  scrum  which  bathal  the  corpu.seies»  and  which,  although 
marke^lly  diluteil,  contained  the  very  small  amount  of  precipitinogen 
necessary  to  form  a  precipitate  with  the  large  amount  of  immune 
serum  present.  As  a  matter  of  fact  it  is  extremely  difficult  to  free 
blowl  corpuscles  cf  all  traces  of  serum»  as  is  clearly  showTi  by  some 
recent  experiments  of  Gengou,  to  whom  I  am  indebtetl  for  the  follow- 
ing unpublishe<i  obser%'atioiLs:  A  four  per  cent  alcoholic  solution  of 
nia>lii:,  forms,  on  the  addition  nf  distille<l  water  in  the  proportions 
of  nine  parts  of  water  to  one  of  ma&tic,  an  emulsion,  which  affomls 
a  delicate  reagent  for  the  albuminoidK  of  bloal  semm.  One  drop 
of  normal  salt  solution  containing  a  trace  of  serum  givts  rise  to  the 
rapid  agglutination  and  precipitation  of  1  c^C-  of  ma^sLic  emulsion, 
whereas  sueh  an  amount  of  the  fresh  physiological  solution  pro- 
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duces  no  offoct.  If  2  c.e.  of  Tresh  bloal  of  the  rabbit  is  washed  in 
20  ex.  of  Halt  solution,  the  water  of  wasfiing,  removed  after  cen- 
trifugalizitigj  gives  no  inimaliate  senim  reaction  with  the  mastic. 
If  the  cnrpugcles  are  washed  a  second  time  with  a  fresh  amount  of 
physiolo^cai  solution  and  centrifugalizeiJ,  the  supernatant  fluid 
^ves  %  like  reaction.  Even  the  third  water  of  washing  gives  a 
positive  result  wiili  the  mastic  emulsion.  The  Fourth  wash  water 
usually  shows  no  evidence  of  the  presence  of  serum. 

It  is  evident  from  thoic  preliminary  observations  that  enough  pre- 
cipitinogen is  present  in  the  dilutetl  serum  which  surrounds  blood 
corpuselew  washeil  in  the  ordirar\'  manner,  to  p;ivc  a  precipitate  in 
the  pni«once  of  immune  serum.  Let  us  now  consider  more  closely 
the  power  of  this  specific  scrum  precipitate  to  fix  alexin.  The  work 
of  Gcni^ou*  demonstrated  that  a  scrunj  active  agninft  a  foreign  serum 
will,  when  mixed  ttnth  thi^  causative  albuminoid,  absorb  alexin,  as 
shown  by  the  absence  of  hemolyeis  in  sensitized  corpuscles  sub- 
sequently abided.  And  the  author  notes  particularly  that  this 
absorption  of  alexin  is  in  proportion  to  the  presence  of  specific 
serum  precipita-tes;  but  he  did  not  detcnuinc  whether  it  is  the 
precipitate  itself  or  some  other  albuminoid  in  solution  that  exer- 
cises this  alcxin-fixin^  property.  In  the  light  of  the  pri^sent  com- 
munication it  is  evident  that  it  is  the  precipitate  itaelf  that  iix<s 
the  alexin. 

The  following  experiment  shows  that  a  specific  serum  precipitate 
will  fix  alL^xin.  To  furnish  the  precipitinogen  necessary  for  the  for- 
mation of  thi^  precipitate  I  have  used,  insteajj  of  dilute  separated 
serum,  the  supernatant  salt  solution  that  hati  been  employed  to 
wash  native  blootl.  tiuch  a  scrum  fiilution  furnishes  the  same 
conditions  aw  are  obtainetl  when  insufficiently  wasbal  coqiusclea 
are  mixed  with  the  immune  serum. 


Exi-EHIMEVr  I. 

To  2  c.c.  of  fresh  ox  blood  is  added  38  e.c.  of  salt  solution  of  0.S5 
percent;  the  suspension  is  then  centrif  ugalized  and  the  supernatant 
washing  solution  removc<L  The  blooti  is  washefl  with  another  3S 
c.c.  of  the  physiolo^cal  solution  and  both  the  washing  fluids  are 
used  for  the  following  experiment: 

*  Geogou,  L  c> 
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Tube  1.    First  NaCI  wjuhicg  eoEuiEoTi  0.2  e.i*. 

Serum  mbbit  >  ox,  i5  degrees*  0-ti  e.o. 

Tub«  2-     Second  Nad  washing  solution  0.3  c.c. 

Scrum  mbbit  >  ox.  oA  def^rece  0-0  c-v. 

Tube  3.     Fresh  Na(.T  solutinn  0-2  cr. 

Scnim  mbbit  >  ox,  .^5  degr^M  O.a  c.c 

Tube  4,     Firsl  NaC'l  waabiiig  eolulion  0.3  cc- 

Scmm  normal  rabbit,  oa  dtfcrct^  O.tt  CX. 
Tubed  are  left  nt  n>iim  tempemtLtre  2  boura. 
Tn  lulu*  I.     Abutidanl  precipitate. 
In  tube  -2.     Trace  of  preoipitnle. 
In  tubas  3  and  4.     No  precipitate. 

Xabe  1  IB  then  centrifugalized  and  tht*  aupernatatit  fluid  Forms 

tube  la.  while  the  precipitate  is  bnjught  to  the  original  volume 

(0,S  of  a  tuhic  oeotimeter)  with  salt  solution  and  forms  Tube  1-    T<j 

each  of  the  tubes  1^  laf  2,  3  and  4  is  then  added  fivsh  rabUt  serum 

(24  houra),  0.075  of  a  cubic  centimeter,  and  contact  allowetl  for  2 

houreat  niom  temperature.     To  each  tube  is  then  added  Q.025  of  a 

cubic  centimeter  of  senaltizwl  rabbit  corfmaeles   (S.  rabbit  >  ox, 

55  degrees),  and  the  resultant  hemolysis  is  as  follows: 

Tub«  1  {precipjlate).    No  bemolyau. 
Tubes  ItL,  2.  3  and  i.     ncTnolyslfi  entnpfRte. 

This  experiment  shews  clearly  that  it  is  the  specific  precipitate 
that  fixes  the  aiexiu.  In  lube  2  the  hemolysis,  although  finally 
complete,  is  dJPlinclly  delayed  owing  to  partial  absorption  of  the 
alexin  by  the  very  slight  precipitate. 

The  markeil  difference  in  d(>8age  between  the  precipitinogen  and 
the  prcci[Ktiii  is  indicated  by  the  dilutions  of  ox  eemm  reprcaented 
by  the  washing  solutions  of  the  last  experiment.  In  fact,  very 
small  tracts  of  the  precipitinogen  suffice  to  give  a  maximum  pre- 
cipitate, provided  sufficient  immune  pcrum  (precipitin)  is  used. 
A  more  accurate  idea  of  the  relation  of  dosage  and  dilution  between 
the  two  precipitate-forming  sera  than  is  given  incidentally  in  the 
following  experiments  neal  not  concern  us  here,  since  we  arc  to  deal 
rather  ^ilh  the  properties  uf  precipitates  than  with  their  formation- 

The  question  may  properly  arise  as  to  whether  the  sensitizing 
activity  of  the  immune  botly  for  the  corpuscles  has  been  diminished 
by  the  fonnation  of  a  specific  precipitate^  and  is  directly  answered 
by  the  following  experiment: 

*  Wbicb  abbrcviatiOD  i^  us&i  to  initicato  the  senim  of  a  rabbit  immunJicd 
ogakiat  nx  blo<tJ.  Such  aerum^  as  indicalod,  has  been  heated  to  5S^  C  for 
onc-balf  bour  to  deprive  it  of  alexin. 
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ExPERIMBin'  n. 

Two  large  tubes  are  prepared. 

Tube  A.     9truci  of  ox.  5a  degreca  O.OS  o.C 

Serum  rabbit  >  o\,  5o  degrees  2.00  r.c. 

Tube  B.     N%C]  BoLutLOD,  U.35  per  cent  0.05  c.e. 

Serum  rabbit  >  ok,  55  degrees  2-00  c^c. 

Contact^  2  hours.  Tube  A  gives  a*lensc  precipitate;  B,  noae. 
Tube  A  ia  rentrifugalized  and  the  supernatant  Huid  us&.l  for  the 
foilowiag  email  lube^ : 

BerLe9  A.  Tub«  1.  Treated  serum  A  0.2  co- 
Tube  2.  Treated  serum  A  0,1  o,c- 
Tube  3-  Treated  i^rum  A  0,05  c,c. 
Tube  4.  TtTalcd  j^crum  A  0.025  c.c. 

Series  B.  Tube  5.  TreattJl  serum  U  0.2      c.e. 

Tubefl-  TreaM  serum  B  0.1       c.c. 

Tul»e7-  TreaLed  M^ruui  B  0.05    c.c. 

Tube  S-  Treated  serMra  B  Q.D2b  c.e. 

Each  tube  is  brought  to  the  same  volume  {0.2  of  a  cubic  ceLti- 
meter)  T\ith  salt  solution,  and  then  to  each  tube  is  added 


Washed  OK  corpii^lcB 
Alexin  of  rabbk 


0.05  ChC.  CvriLblicd  four  times) 
0,05  c-c. 


Resultant  hemolysis  is  as  follows: 

Series  A. 
Tub«  1,   Complete 
Tu^ie  2,    Ne;irly  complete 
Tuhei    Mfirke<i 
Tube  4,    Marked 


Series  B. 
Tube  5.   Complete 
Tube  6.   Nearly  complete 
Tiilke  7,    Marked 
Tulie  S,    Marked 


As  18  evident  from  this  experiment^  the  hemolytic  immune  body 
is  not  affected  by  the  funnaiiou  of  the  specilie  precipitate. 

The  alexin-fixing  power  of  the  precipitate  is  not  specific  aa 
rcgairi.^  alexin— that  is,  it  13  able  to  abnorb  alexias  other  than  Ihoae 
of  the  ijpecios  furnishing  the  precipitin,  The  fixation  of  guinea- 
pig  alexin,  for  example,  is  shown  by; 


EXPEHIMENT    III. 

Two  tubes  are  preparctl : 

Tube  I.  Serum  >  ox,  53  deBrwa  0.025  c-C  (0.1  CnC^irf  ft  dilution  of  1  to  1> 

^erum  mbbit  >  ox.  5j  degreed  1.00    c.c. 
Tube  2,  NaPI  solution  0.1      t.c. 

Serum  rablhit  >  oi,5adeereea  2.00    0,Cr 
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T*G  each  tube  is  ailrleil  alexin  of  the  guinea-pig  one-thirtieth  of  a 
cubic  centimeter,  acul  contact  allowed  for  one-half  hour.  In  tube  1 
a  uorijaiderabl*:  precipitate  is  fnrnwtl;  iii  tube  2,  none.  Then  to 
each  tube  is  ajkleil  0.05  of  a  cubic  centioieter  of  ox  corpuiscles 
sensitised  with  S.  rabbit  >  ox,  55  degrees  (li  hemolytic  doses). 

Result.ynt  Hemolysis, 

Tube  1.     Nq  hemoly^ia. 
Tube  2.     Hemulvfiis  cumplele. 

Which  shows  that  the  precipi tale  hjifl  fixed  the  guinea-pig  alexin, 


I 


n. 

That  a  disreganJ  of  ihis  fixation  of  alexin  by  speuifii?  precipitates 
haa  led  to  many  erroneous  impressions  of  the  rnechanisEn  of  hemoly- 
sis will  undoubteilly  prove  true,  but  I  wish  to  commit  myself  only 
on  such  phases  of  the  ijuestioii  as  I  have  beta  able  to  submit  to 
experimental  study. 

Recently  Pfeiffer  and  Friedberger*  have  given  the  rfeum^  of  a 
etudy  of  the  ant  1  bacteriolytic,  or  "antagonistic,"  substances  which 
are  said  to  occur  in  normal  sera.  These  authors  have  found  that 
certain  normal  sera,  which  in  themselves  poeecsa  no  antilytic  proper- 
tiesj  acquire  distinct  antibactGriolyti<i  power  when  previously  put 
in  contact  with  the  bacteria  on  which  they  are  destined  subsequently 
to  act.  For  example,  normal  rabbit  acrura  treated  with  typhoid 
bacilli  has  the  power  to  prevent  in  vivo  the  destruction  of  sensitizeil 
typhoid  organisms:  untreated  serum  has  no  such  power,  nor  docs 
the  scrum  trcatctl  with  typhoid  bacilli  show  any  antilytic  effect 
for  cholera  vibrios  sensitized  with  onllcholera  serum,  A  further 
consideration  of  these  most  interesting  observations  concermng 
bacteria  need  not  concern  us  here,  but  an  analogous  series  of  facts 
in  hemolyds,  which  was  soon  published  by  Saehs.t  and  the  con- 
clusions of  this  author  must  be  regaixied  more  in  detail.  Nonnal 
rabbit  serum  heatctl  to  5o  degrees  when  treated  with  equal  parts 
of  sedimented  red  blood  corpuscles  of  the  sheep  or  of  the  pig  inhibits 
the  action  of  guinea-pig  alexin  oc  the  properly  sensitized  corpuscles 
of  the  blood  in  question.     Normal  untreateil  serum  has  no  such 

*  Pfeiffer  unO  Fried  ben><:r.  Di.'ut^che  lueJ.  WcrcbeQscbr. .  190 J,  Nu.  1,  |i.  0. 
t  Sachs.  Deutflcbe.  toed.  "Woi^ha^mlir.,  1905,  Na,  tS^  p  TOfL 


352 


STL'DIES   IM   IMMUNITY. 


an ti  hemolytic  property,  and  the  treate<l  serum  itself  acts  only  to 
protect  the  specie*  of  corpuscles  with  which  this  serum  has  been 
digested.  The  explanation  which  Sachs  ofTers  for  the  facts  up  to 
the  pi'esent  point  is  as  follows.  Normal  rabbit  sermti  contains 
a  series  of  normal  hemolytic  amboceptors,  of  which  some  are  specific 
for  sheep  corpuscles.  When  treated  with  sheep  corpuscles  rabbit 
serum  loses  its  sheep  amboceptors,  but  the  remaining  amboaeptors 
{active  against  other  corpuscles),  although  unattached  to  their 
specific  cells,  have  a  greater  affinity  for  complements  than  do  the 
sheep  corpu&rrles  sensitizer!  unth  serum  rabbit  >  ok^  added  as  a 
test  for  alexin;  and  hemolysis  of  these  test  uorpusoLcB  docs  not  take 
place* 

If  wc  repeat  in  detail  Sachs'  first  experiment,  together  with  a 
control  auK^e^^ted  by  the  fact^  I  have  alrea<ly  odduceti,  it  is  evident 
that  his  explanation  of  this  interesting  phenomenon  id  certainly 
incorrect,  J  have  worked  with  sheep  blood  only  and  have  em- 
ployeti  the  spedfie  wrum  used  by  Sachs,  that  ia»  the  serum  of  a 
rabbit  immuniaa)  against  ox  blood  (which,  of  course,  readily  destroys 
ox  red  blooil  corpuscles,  but  also  works  satisfactorily  against  the  red 
cells  of  the  sheep). 


Experiment  IV. 

Three  tubes  arc  prepared  as  follows: 

Tube  A.     Sheep  corpuaclea  (the  sediment  of  blood  washed  oace 

in  iJi  vnlumpB  of  XaCl  floliitiau  al  0.S5  per  rent  t.S  ce. 

Normal  mbbit  Krum,  55  degr^i^  1.5  c.c. 

Tube  B.     NcjrniJil  rabbit  senira,  55  degrew)  1.5  c-c. 
Tube  C,     Sh&fp  roqiiisplfls  (the  aerfiment  of  blood  wnahed  five 

aiiccc^jvc:  tjiiii>0  with  frcah  volumes  of  NaCi)  1.5  t,C. 

Nurmd  mbbit  Ktuin.  55  di^grws  1.5  c^. 

Of  these  tubes,  A  and  B  correspond  exactly  in  dosage  to  those 
^ven  by  the  German  author.     Just  how  completely  he  washed 

"  As  K  VEftiml  with  the  Ehrlicb  echool,  an  h/poth^His  wu  inventei]  in  hnrmony 
with  the  latprol-ctuin  theory,  to  G:ip]ai]i  the  NcisBer-Wcchaberg  phenomenoa; 
aud  it  III  tbiK  liypotlie^ifl  utid  nut  fundaTiieutal  GXpfitimental  Facts  which  b  uficd 
09  a  foundjitjcn  for  further  hypnthesea.  U  haa  never  l>een  pruvn]  that  an  nlexin 
ean  unite  wiih  an  immuriD  body  uqIoss  tho  Inltifr  hoe  formed  &  complex  with  the 
cell  or  subalujice,  the  iDJectioa  of  which  hoa  ijiytn  rL-n;  |.o  the  specific  a;rum.  The 
Npii^'ieT-Woehali^rg  phennTneaoTi,  which  ha^  bc<tn  arci>ptf>d  by  Lbe  Ehrbch  whool 
as  proving  this  union,  Lfl^  id  icnlity,  unqoesliooably  duo  to  anotLcr  caLiso,ft£  1 
sbALl  conaider  later. 
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the  sheep  rorpuacles  he  does  not  state,  but  we  may  presume  Dot 
far  differently  from  the  manner  employed  in  tube  A,  since  the 
result  ia  the  same.  Tube  C  difTer*  Imm  lube  A  only  in  the  fact 
that  exery  trat^e  of  sheep  serum  lias  been  reniuvwi  by  the  repeated 
wujihingSv  Tlje  suceeedlug  stejjs  follow  exaelly  the  conditions 
and  ilosage  of  Sachs. 

TuIh's  a,  B  and  C  are  left  at  37°  C  for  1  hour.     Tubes  A  and  C 
are  then  eentrifugalized  and  the  suf»ematant  treated  ^era  as  well  aa 
the  contents  of  tube  B  serve  to  make  the  following  tubes; 
Tubel, 

Tub«  2. 

Tubes. 

Tube  4. 

Tube  5, 

Contact  at  37  degrees  for  one-half  hour.  Then  to  each  tube  ig 
added  1  c.e.  of  a  .1  per  cent  suspension  of  washal  sheep  corpuscles 
(5  times)  plu-s  0.4  of  a  cubic  centimeter  of  serum  mbbit  >  ox, 
55  degrees  (about  two  hemolytic  doses).  Resultant  hemolyas  is 
as  follows: 


Tre&l«<l  aerum  A 

1.0  c.c. 

Senim  of  ^inea-plg  f alexin] 

0,1  cc 

Treat  etl  setutti  A 

0,2  e^L 

AlcJiui,  jEuinca-pig 

O-I  cc. 

Sirrum  B 

\         IXI  c.c. 

Alexin  of  guiaeiL-pig 

0.1  oc 

Treated  ai^mm  C 

l^cc. 

Ale^^m.  guini>a-pig 

0,1  c.c. 

Treiiled  serum  U 

0.2  CO. 

AJuxm,  guinea-pig 

0.1  cc. 

Tub^  2  }  ^"  i««'^^>y^** 


Tubes  1 

Tutw  4   [ijcmolyaut  complete 

Tube  6 


That,  is,  in  rabbit  serum  treated  with  imperfectly  washeil  sheep 
corpuscles,  there  is  a  substance  that  prevents  the  hemolysis  of  test 
corpusclea  added  at  the  end;  thb^  is  the  Sachs  eX[X'rimG?nt.  If  the 
corpast-^Ies  are  washefl  so  as  to  remove  all  sheep  scrum,  there  is  no 
antagonistic  substance  found.  That  there  is  an  alexin-fixing  sub- 
stance present  in  tube  "A"  is  true,  but  it  is  the  pret^ipitale  formecj 
at  the  end  by  the  interaction  of  the  immune  serum  and  the  sheep 
preeipitinogen  carried  by  the  treated  rabbit  serum,  and  not  the 
treated  serum  itself.  That  no  true  '' antieomplement  action" 
exists  in  the  digested  normal  rabbit  serum  itself  in  the  experiment 
of  Sachs  ia  eas>"  of  proof  and  would  have  been  evident  in  the  tubes 
of  this  experimenter  had  he  only  subjeeleil  the  tubes  which  he 
compares^  to  the  same  experimental  conditions.    The  details  of 
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his  last  oxperinients,  wliich  ^how  a  pravc  experimental  error,  arc 
the  following:  The  nonnal  rabbit  rferiim  treated  with  insufficiently 
washed  sheep  corpuselea  brought  about  the  inhibition  of  hemoiyais 
already  noted,  when,  for  the  sensitizing  of  the  teat  corpuscles,  he  used 
Si  rabbit  >  ox,  55  degrees.  In  this  case  the  excess  of  sensitizing 
serum  was  left  with  the  test  corpuscles,  and  of  course  a  precipitate 
was  formeti  in  the  last  stage  of  the  experiment,  and  hemolysis 
thereby  inhibited.  No  such  "anticomplement  action"'  took  place 
if  he  sensitized  the  corpuscles  both  with  serum  rabbit  >  ox,  55 
degrees,  and  witli  hcate<l  normal  rabbit  serum.  In  this  instance 
lie  removeil  the  exciess  of  brjUi  ^en.siti^ing  stra,  and  no  precipitate 
was  formitl.  And  Jigain  he  nptes  that  no  inhibiliim  of  hemolysis 
occurred  if,  For  seasilizing  the  lest  corpuscles,  he  nswl  normal  rabbit 
serum  aJone.  Incidentally,  the  serum  was  removE?d  in  thia  case^ 
buL  of  eotirec  no  inhibition  would  have  taken  place  anyway,  an  no 
precipitate  was  fomiecl,*  Manifestly,  the  fixation  of  alexin  (hihibi- 
tion  of  hemolysis)  occurs  only  in  the  presence  of  a  precipitate 
forrTio(J  by  the  interaction  of  an  excess  of  immune  serum  and  the 
precipitin! igen  of  the  sheep  serum  carrieil  from  the  first  ineom- 
pletely  waJ^hetl  eorpusclfs.  The  folJtmng  experiment  comprises  a 
complete  n.'fiJtation  of  Sanhs' hypothesii^  and  puts  in  evidence  the 
alexin-fixing  precipitate: 

EXPKRIMENT  V, 

The  tubes  are  prepared  as  follows: 

Tultf  A.     Slieep  f^orpiiscL'?r4  (naah^  nnc?)  3i!£. 

ticriim  tJt^rmjil  rabbjt,  55  ■io^T'^eB  3  c.«i 

Tube  B.     Sbe«p  cor|iUE^]r«  (nuahcd  Fivt?  tiineal  3  c.c 

Serum  nrjmint  ruHiit,  ,Sj  iJegreea  3  C-C 
Cimtact,  1  hoijrai37''C 

Centrifugaliaation,  and,  from  the  supernatant  treatcti  eera  A  and 
B.  are  formeil  two  tubes ; 


Tube  A\ 

Treated  serum  "A" 

2.5    CJ3. 

Ale-xin  guinen-pig 

0.Z5  t.B. 

TuboB". 

Treated  acrum  "'  B' 

S.G    0.0. 

Aifjxia  ^iueu'-pii^ 

C.25  G^o, 

*  Sach£,U.;comparcTabeIlaS,KQl.Iudn:T&bel]a3,  Kol.  B,  4DdTab«illo2, 
Kol,  I. 
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Contact,  three-quarters  of  an  hour  at  room  temperature,  and 
then  the  foliov^'ing  lubes  are  made; 


Tube  1.     A"  mixture 

Serum  rabbtt  >  ox.  55  degrees 
Tube  2.     A'  mixture 

Serum  nurm&l  rabbit,  55  decrees 
Tube  3.     B'  iniJCturB 

S^irum  rabbit  >  ax,  55  degrees 
TubiT  4.     6'  miKtOTp 

Serum  cumul  rsbbit,  55  degracA 


1.1  C.C, 

0,4  c.c. 
1,1  cc 
Q.4  G.c> 
1.1  c.c. 
D.4  e,t, 

1,1  Cfl, 

0.4  c.n- 


Aftcr  contact,  a  precipitate  is  seen  in  tube  1  but  none  in  tubes 
2, 3  and  4h  Then  to  each  tube  la  adrJctI  0.05  of  a  cubic  centimeter 
of  w!*.^hcti  sheep  corpuscles aea^iti zed  with  S. rabbit  >  ox, 55 degrees, 
and  with  the  excess  of  the  immune  serum  removed  by  cenlrifugaliE- 
icg. 

The  resultant  hemoljsb  is  aji  follows: 

Tub*  I.    No  liemolyaiB. 

Tuhes  2,  3  and  4.    Hemdysb  complete. 

Thb  experiment  cleariy  demonstrates  that  the  so-called  "am- 
boceptor anticomplement"  action  of  Sachs  is  simply  due  to  specific 
precipitates. 

As  will  suggest  it-srJf,  the  ale?dn-fixing  action  of  serum  precipitates 
may  readily  Ije  brought  fonvani  to  explain  the  Neisscr-Weelisberg 
phenomenon  of  "eomplrment  deviation.*'  This,  il  will  lie  remem- 
bereiU  wa^  demonstrateil  in  the  case  of  bacteria,  whf^rc  it  was  found 
that  an  excess  of  immune  serum  prevented  the  complete  destruction 
of  a  given  dose  of  bacteria  by  an  amount  of  alexin  that  destroyed 
perfectly  the  same  amount  of  organisms  if  the  optimal  dose  of 
immune  serum  were  iwe^l.  The  authntg  reeoncileil  these  experi- 
nientJs  with  the  EhHic.li  hypothesis  by  supposing  that  the  mass 
action  of  the  excess  of  frc^e  amboceptor  deviat«l  the  cumplemtmt. 
But  no  one  has  been  able  to  demoiistral-e  the  hemolytic  anaJogue 
of  this  phenomenon.  MorgGnroth,*  it  is  true,  by  making  certain 
puppofiitioris  as  regards  the  union  of  "eomplemenis"  with  free 
ambjccptors,  and  by  introducing  certain  other  bodiea  ("antiam- 
boceptors"),hasobtaine<:t  somewhat  similar  results,  but  his  analogy 
b  far  from  exact.  The  discussion  of  this  subject,  together  with 
*  Moi^QTotb.  Cectralbl.  r.  Baku  etc,.  Bd.  XXXV.  1^04.  p.  501 
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definite  experimental  deiiioostration  that  (ieviation  of  tbe  alexin 
may  exist  in  hemolysis  umler  conditions  absolutely  identical  to 
those  desrribeil  for  batrteriotysis  by  Ntisser  and  Wochsberg,  will 
appear  prt-sently  in  Uip  Pasteur  Annals  *  t  may  note  simply  that 
it  Ls  indecfl  the  conjectured  r6]e  of  precipitates  that  does  cause  thia 
alexin  deviation  in  hemolysis. 


CONCLDfilONB. 

1.  As  was  noted  by  Gengou,  the  serum  of  an  animal  of  spedca 
A,  injected  with  the  blood  serum  of  speuiea  B,  contains  specilic 
"substances  ecnfiibili&atriccs "  which,  when  the  immune  serum  A 
ia  mixed  with  scrum  B,  forms  a  complex  which  fixes  alexin.  This 
alexin-tixing  substance  is  the  specific  serum  precipitate  formed  by 
the  interaction  of  the  two  scran 

2.  Repeated  washings  of  blood  with  relatively  large  amounts  of 
physiolo^cal  solution  are  necessary  to  remove  all  traces  of  serum. 
A  very  small  anioiint  of  this  serum  contains  enough  precipitinogen 
to  form  a  large  precipitate  if  enough  precipitin  (immune  serum) 
be  present. 

3.  The  formation  of  a  serum  precipitate  does  not  affect  the  sen- 
sitizing strength  of  tbe  hemolytic  immune  botly. 

4.  The  Mj-calleil  "anticoiuplemenLs  of  nonnal  sera"  of  Sachs 
and  probably  also  the  ^'antagonistic  substances''  of  PfelFfer  and 
Fneill]erger  are  dimply  fifiecifie  serum  precipitates  cajiable  of  fixing 
alexin. 

5.  A  disregard  of  the  presence  and  the  alexin-fixing  pro]>erties 
of  serum  precipitates  has  doubtless  ^ven  rise  to  many  erroneous 
impreeeioiH  of  the  mechanism  of  liemolj'siB. 

■  6w  p.  357. 
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Since  the olservations  of  Neisaer  and  Wecliaber^  on  the  inhibiling 
influence  on  bacteriolysia  of  too  lai^e  a  close  of  specitin  immune 
serum  (previoa'^ly  heatel  to  55degr(.\rs)  wlien  tht?  amount  of  alexin 
is  relatively  small,  many  attempts  have  l>een  mjwle  to  determine 
the  mechanism  of  this  interwting  iiUenomenon.  The  inteqjreLa- 
tion  that  Neis&er  and  WeclHiitrg  gave  is  well  known;  it  h  wholly 
in  harfuony  with  Ehrlicli'a  theory.  Aceonling  tn  these  antlioi>^,  in 
a  mixture  of  bacteria,  a  relatively  small  dose  of  alexin,  and  a 
relatively  large  ilose  of  heatetl  immune  serum,  or,  in  other  worrls,  of 
seruiiitizer  (amboceptor),  not  all  the  alexia  is  utilized  in  destroymg 
bacteria.  Not  all  the  large  amount  of  sensitizer  present  can  be 
aljsorljeil  by  the  bacteria;  the  excess  remains  in  the  surrounding 
fluid  and,  owing  to  its  aflinity  for  alexin,  takes  up  a  greater  or  loss 
amount  of  this  substanee  that  coa^oquently  h  of  no  service  m 
producing  bacteriolysis.  The  inhibiting  effect  of  too  much  immune 
serum  would  be  explained  as  a  real  deviaiiim  of  the  complement 
(Komplementablenkung)  by  the  excess  of  sensitizer  not  combined 
with  the  bacteria.  This  hypothesis,  to  bo  sure,  has  neither  been 
experimentally  prove*!  nor  refuted.  It  is  by  no  means  necessary  to 
accept  it,  as  it  is  based  on  a  supposition  that  has  never  been  proved 
experimentally,  namely,  that  the  sensitizing  substance  can  6x 
alexin  even  when  uncombined  with  bacteria.  It  must  be  fwlrnltted 
that  certain  defenders  of  the  hypoihesia,  notably  Lipstein.f  have 
been  able  to  reply  to  certain  objections  that  have  been  raisctl  to  it, 
withoutt  however,  bringing  forward  any  really  definite  proofs  of  it3 
correctness.     The  inhibiting  effect  of  an  excess  of  immune  scrum 

*  Id  d^vmtioQ  de  fal^xin?  dans  I'hemolyBC,  Aaaa1i>s  de  I'lnalitut  Pasteur, 
XIX,  1905,  593. 

t  3e?  3ludieQ  od  Ijumunity,  Elirtich-Bulduan.  Juliti  Wiley  A^  Suub,  p-  1^. 
t  LipsteJn,  Cbrlich-BoldUAa,  Wiley  A:  Sons,  p.  132. 
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evident  in  bacteriolysis  has  never  been  shown  to  exist  in  hcmolysis- 
Thc  experiments  by  Morgcnroth*  demonstrating  such  a  phenomenon 
in  hemolysis  are  c\"ideotly  incorrectly  conceived,  as  Bordctt  has 
shown,  and  ehoutd  not  be  admitted  as  evitlence. 

The  interpretation  we  wit^h  to  offer  of  this  Neisaer  and  Wechaberg 
phenomenon  has  an  evii.lent  relation  to  certain  experimental  results 
that  have  alre^ly  been  <lct*cribed4  These  experiments  dealt  ^nth 
the  fllexin-fixing  action  of  the  albuminous  precipitates  obtained  by 
mixing  a  precipitin  serum  with  the  proper  antigen.  The  results 
may  be  siiniTtiarizetl  as  follows: 

1-  Gpngou  §  showed  that  the  serum  of  animal"^  of  .species  A 
immunJzpil  against  an  albuminous  substance  of  species  B  has  not 
only  a  preripitating  p^op[^riy  for  these  substanct*s,  but  aUo  endows 
them  with  the  property  of  absorbing  alexin.  The^e  albuminous  sub* 
stances  treatctl  with  the  s[»ecific  imrnune  serum  act,  in  other  wonls, 
as  do  blood  corpusclea  or  bacteria  treateil  with  suitable  sensitizers- 

2,  Wc  were  able  to  carry  Genguu's  observatioiw  farther  by  show- 
ing that  the  fixation  of  alexin  in  this  instance  is  brought  about 
exeliisively  by  the  precipitn/ed  albuminous  substances  and  not  by 
those  in  solution. 

3-  It  is  worth  noting  that  a  very  wf^ak  dihilion  of  precipitinogen 
(precipitable  serum)  in  salt  solution  will  give  a  relatively  abundant 
precipitate  with  a  suitable  dose  of  precipitin-  To  avoid  the  occur- 
rence of  a  scrum  precipitate  in  hemolytic  experiments,  it  i^  indis- 
pensable to  wash  the  corpa^eles  employed  several  times  with  salt 
solution  to  remove  the  accompanying  serum  entirely.  This  serum 
if  present  will  form  a  precipitate  u-itb  the  immune  serum  used  to 
sensitize  the  blood  corpuscles  in  such  an  experiment, 

4,  This  precaution  in  washing  has  apparently  not  been  taken 
by  many  investigators;  as  a  result,  in  their  mixtures  of  incompletely 
washed  blood  (that  is,  blood  containing  traces  of  serum)  and  hemo- 
lytic substances  (sensitizer  and  alexin)  a  precipitate  was  foraged 
that  could  indej^endcntly  fix  a  greater  or  less  amount  of  the  alexin 
employed.  This  fixed  alexin  would,  of  course,  not  affcet  the  cor- 
puscles, and  consequently  a  true  deviation  of  alexin  would  have 
occurred  in  a  hemolytic  experiments 


•  CpnimlliTfttt  f.  Bakt..  XXT,  1M4,  SOI. 
J  Sm  p.  :i4ti. 


t  See  p-  299. 
{  Sec  p.  2^1. 
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5.  This  last  paragrapFi  is  a|ipli{!ablo  to  certain  rocent  researches 
of  Sacrlis*  (HI  Dn"  stx^alltd  "aTiti<^ornplenieDt"  prnvcr  of  nornial 
sera.  For  the  diseussiou  of  these  eviwriments  we  may  refer  to  the 
pre^ioos  articlo.  PfeilTer  and  Frieriberger  have  also  observed 
certain  analogous  facts  with  bacteria,  and  it  would  seera  as  if  their 
work  might  be  explainecJ  in  a  similar  manner. 

We  shall  now  consider  more  attentively  the  experimental  rosulta 
to  which  reference  has  been  made  in  para^aphs  2  and  3  above. 
We  have  seen,  first,  that  the  albuminous  substances  precipitated  by 
a  specihc  serum  are  in  reality  sensitized^  or,  in  other  words,  able  to 
absorb  alexin,  and,  secondly,  that  small  amounts  of  precipitinogen 
suffice  to  form  an  abundant  precipitate  with  the  precipitin  scrum. 
We  must  further  emphasize  that  a  relatively  large  amount  of  this 
precipitin  scrum  is  necessary  to  cause  a  prccipitum  sufficient  to 
fix  alexin  well.  The  following  experiment  imlicatca  the  relation 
between  the  two  sera,  the  prt^cipitum  obtained,  and  the  degree  of 
alexin  absorption.  As  precipitinogen,  ox  Pcrum  is  used,  and,  as 
precipitin*  the  serum  of  a  rabbit  immunized  against  ox  blood  and 
heated  to  55  dcgrees-t 


Tube  1.     Ox  aeruin.  55  degrees 

Serum  rabbit  >  ox.  55  cJeKreofl 
*JflCl  flolutioD  t0,e5  per  cent) 

Tube  2.     Ox  Herum 

S«mni  rabbit  >  ox.  55  li^reeB 
KaCt  flolutioa 

Tube  3,    ffci  spnim 

Serum  rabbit  >  ijx.  55  dcgrcei 


0,02fl  c,c, 
04  co- 
1.9  c-c. 
0  02.1  C.C. 

1,4  C.C. 
0.023  C.C. 
2.0      c^. 


Tliese  three  tubes  contain  the  same  total  volume  ami  the  same 
amount  of  ox  serum.  They  dilTer  in  their  respective  amounts  of 
precipitin  seruni,  which  in  the  email  doses  is  replaced  by  salt  Eolu- 
tion,  «n  that  the  total  volumes  are  the  saTtie.  Three  control  tubes 
(4,  5  and  S)  are  alstj  prqjaa\i  corresponding  to  tubes  l,  2  and  3 
respectively,  but  containing  salt  solution  in  place  of  ox  serum. 
After  one-h^lf  hour  at  37  tlegrees  there  is  no  evident  precipitate 
in  tubes  1,  4,  5  and  (i;  there  is  a  distinct  though  slight  precipitate 
in  tul^e  2;  and  in  tube  3  there  is  a  voluminous  precipitate, 

•  Deutsche  rued,  Wocb..  190fi.  No.  ]S,  705. 

t  Tbifl  scrum,  for  the  sake  of  abbreviation,  la  referred  to  a^  "Soruci  rabbit  >ox.'' 
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To  each  tube  there  is  then  added  one-thirtieth  of  a  cubic  centi- 
meter of  normai  rabbit  alexin  (serum  from  blootJ  obtained  the  day 
before).  Fifteen  minutes  later  0-3  of  a  cubic  centimeter  of  sen- 
sitized ox  blooti  is  added  to  each  tube-  This  sensitized  blood  b  a 
mixture  of  one  part  of  carefully  washe*!  ox  blood  *  to  five  parts  of 
heated  rabbit  >  ox  aerurn. 

There  is  complete  benKity5i5intubcsl,4,oandG;  partial  hemoly- 
sin^ in  tube  2;  and  no  hemolysis  in  tube  3.  The  alexin,  therefore,  has 
rcmwned  free  in  tubea  1,  4,  5  and  G  containing  no  precipitate,  has 
been  partially  abK)rbed  in  lube  2  containing  a  moderate  precipitate, 
and  has  been  completely  al)SLirlx^i  in  tube  3  that  contains  the  largest 
precipitate-  In  other  words,  the  greater  the  amount  of  prtx^ipltate 
the  greater  the  alexin  absorption  and  coiresponding  absence  of 
hemnlysis- 

As  mniy  be  imagineil,  this  experiment  may  lie  performed  som&* 
what  dilTeretitly.  A  mixture  contdning  the  ^buminfms  pre[;ipitum 
and  the  Hennitiaeil  cnrpuseles  may  Ix?  niaile  and  the  alexin  sub- 
se(juently  a;lded.  Umier  these  contlitiond  we  shoulJ  exj^eet  that 
both  sensitized  elements  that  an?  avid  of  alexin,  namely,  the  pre- 
cipitate and  the  eorpuseleSj  wnukl  struggle  to  obtain  the  alexin, 
and  hemolysis  would  be  more  or  less  inhibiteil  or  even  entirely  pre- 
vented if  the  dose  of  alexin  were  not  too  large.  To  produce  these 
conditions  we  may  place  In  tube  A  small  amounts  of  well-washed 
ox  blood  (0.05  of  a  cubic  centimeter)  aTut  of  ox  serum  (0.025  of  a 
cubic  centimeter),  and  then  sAi]  a  very  large  dose  of  healwi  rabbit 
>  ox  serum  (2.5  c.c.}.  A  few  seconds  later  let  us  add  rabbit  alexin 
(one-thirtieth  of  a  cubic  centimeter).  There  is  no  hemolysis,  as  the 
preeipitum  has  absorbed  all  the  alexin.  In  a  control  tube  B  pre- 
pared at  the  same  time,  and  containing  the  same  components  except 
the  ox  serum,  hemolysis  is  corapletej  as  no  precipitate  Forms.  All 
that  is  necessary  to  produce  hemolysis  in  tube  A  is  to  add  a  small 
a^lditional  dose  of  alexin. 

We   have  already  note<l  that  considerable  immune  Ecrum 
UL-cessary  t^  obtain  an  abundant  preeipitalo  with  ex  f^erum.     Con- 
sequently, if  a  dose  of  rabbit  >  ox  serum  barely  sufficient  to  sGnsitiae 

•  Thia  Hood  bnd  been  carefully  washed  in  normal  ssL}t  Milution  axid  then 
restorctl  tr>  iUori^'ioal  volunii?:  it  oorr^pondB,  (ben,  Ic  blood  In  vbicb  the  original 
MTuni  ia  replaceU  by  aalt  aolutioa. 
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the  corpuaclcSjbut  too  little  toprodueeanabumlant  precipitate,  had 
been  put  in  tube  A  we  should  expect  that  hciiictlyeis  would  have 
taken  place.  This  may  be  experimentally  verified.  In  a  tube 
containing  0,025  of  a  cubic  centimeter  of  ox  scrum,  0^05  of  a  cubic 
centimeter  of  con>usclc9  and  only  0/2  of  a  cubic  centimeter  of 
inimune  serum,  hcinolysia  occurs  sa  well  as  in  a  control  that  con- 
t^ns  oo  ox  fierum. 

In  such  experiments,  however,  it  is  evident  that  if  the  amount  of 
rabbit  >  ox  serum  is  too  much  *liminished  no  hemolysis  will  occur 
owing  to  the  fact  that  the  corpuscle?^  are  not  sufficiently  sensitiaed, 

In  the  following  tables  are  given  the  n'^ulb?  nf  experiments  in 
which  the  amounts  of  rabbit  >  ox  serum  vary.  In  talkie  A  the 
mixtures  contain  ox  serum;  in  B  there  is  no  ox  serum,  but  salt 
solution  in  its  place;  the  doses  nf  ox  corpuscles  and  rabbit  alexin 
are  constant. 


TABLE  A, 


Tube, 

Ok  return,  Sa^. 

Ok  CiOIpUKJltf> 

Rabbit  >  DE 
seruin,  AJ^, 

NaCI 

»1, 

ftftbbll  BleiLn. 

UciDaJriB. 

1 

0  025  c,c 

0.05  c.c. 

0.05  cc. 

2  45  L\ 

0.033  +  cc. 

iricompIeLe 

« 

0  025  c.c. 

0  05cc. 

0  1    c,c- 

2.4   c. 

0.033+c.c. 

eoniplete 

3 

0,OS5cc. 

0.05  cc 

o,a  cc. 

2,3  c. 

0-033-1- c.c. 

complete 

4 

0  026  c  c 

0.05  oc. 

0  3    c  c. 

2  2   c, 

0, 033-1- cc. 

complete 

5 

0  025  G.t 

0  05  c  c- 

a  6  c  c 

1     9      G. 

0.033+cc. 

mcompUte 

ft 

a  025  OP. 

0  D5cc 

I  0    p  c. 

1  5  c. 

O.U33+c,G. 

ahghl 

1 

0  025  G  G 

0  O&c  e 

2  0    CO. 

flip 

a  033+c.c. 

aoae 

& 

O.OWCC. 

0-05  CC 

2.5    i^.c- 

0  0    r. 

0,033+c.O- 

nous 

1 

TABLE 

D 

T^be, 

NftP. 

0*  Bor- , 

Rabbit  >ai 

s$aMi. 

RabbU  alnla. 

UematyBb. 

I 

0.OSAG.C. 

0.05  cc 

0,05  a  J!. 

a.4s 

c  e. 

0,033-1-0  [;, 

iricoDipl«te 

2 

0  025  c  c. 

0.05  cc 

0  I    cc. 

2  4 

P  c 

0.033+P  a 

GompJete 

3 

0  025  c.c- 

0.05  cr 

0.2    cc 

2  i 

c  c 

0  O^^-t-r^  ti 

rompJete 

4 

0  025  c  c 

0.05  cc 

0  3    cc. 

2.:£ 

c  c 

<t  033+cc 

compleLe 

5 

0.025  cc 

0-O5CC. 

0  6    cc 

l.B 

c  c 

0  033-Hcc. 

cumplete 

0 

0  D35CC 

0.05  fx. 

1  0    cc 

]   5 

c  c 

0  033-l-c  c. 

ruujpleui 

7 

0  025  c  c 

0.06  cc 

2  0    cc 

Q.5 

c  c 

0  033-l-c  c 

cumplf?Lc 

S 

0.025  cc. 

0.06  cc 

3.5    cc. 

0,0 

c  c. 

0  D33-|-c,c 

complete 
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These  experiments  show  a  Neisser-Wochsberg  phenomenon  in 
hemolysis.  The*  result  may  be  describod  by  saying  that  blood 
(i-G-iScnim  plus  corpuscles)is  not  hemolyaed  by  a  small  dose  of  alexin 
unless  the  amount  of  sensitizer  is  suitably  small.  Too  much  sen- 
EJtizer  protects  the  corpuscles  by  deviating  the  abKin.  This 
dG\iatioQ  (Komplemenablenkung),  however,  is  not  to  be  explained 
as  Noisflcr  and  Wcchsberg  liave  done.  It  ia  not  due  to  alexin 
absorption  by  means  of  a  certain  amount  of  uncombined  eensi- 
tiacr  remajniog  free  in  the  fluid.  The  fixation  of  alexin  is  brought 
about  by  a  Bcnsitizcd  precipitum  that  competes  successfully  with 
the  porpusclcs  in  absorbing  this  active  substance. 

It  13  particularly  to  be  notal  that  no  Ncisscr  and  Wcchsbcrg 
phenomenon  occurs  if  the  corpuscles  employed  have  been  washed 
free  of  the  serum  present  in  the  primitive  blood* 

Will  this  interpretation  of  alexin  fixation  in  hemolysiB  account 
for  the  Neipaer-Wechsberg  phenomenon  ui  bacteriolysis?  We 
expect  to  take  up  this  question  at  a  later  time-  It  may  be  noted 
here  that  a  culture  or  emulsion  of  bacteria  contains  elements  that 
correspond  rather  closely  to  thase  present  in  blood.  The  bacteria 
correspond,  of  course,  to  the  eorpusclesj  the  baeterial  precipitino- 
gens, that,  as  Kraus  has  shown,  rorm  |jrecipit»;tf.s  wilh  the  specific 
antiserum,  moreover  correspond  to  the  albuuiinous  substances  in 
serum. 


XIX.     ON    THE    RELATIONS    OF    SENSITIZERS    TO 

ALEXIN* 

Bv    DRS-    J-    BQRDET   ANt*   F,    P.    GAY. 


Those  who  have  made  a  study  of  hemolysis  hokl  veiy  divei^ont 
opinions  as  to  the  relations  between  the  suscefitible  corpuscle  and 
the  substances  that  affect  it,  namely,  the  senailizor  (amboceptor) 
and  the  alexin  (complement).  It  is  well  known  that  the  blood 
corpuscles  Hx  the  sensitizer  (Ehrlieh  aiad  Mor^nroth),  and  that 
corpuscles  so  raodificii  have  the  new  property  of  eDexgetically 
absorbing  all  the  alexin  from  the  aurrounding  Buid.  (Bordct-) 
It  ia  evident,  then,  from  these  facts  that  the  sensitizer  acts  aa  an 
intermediary  agent  in  bringing  about  the  union  between  the  aen- 
Bitive  cell  and  the  toxic  substance  or  alexin. 

It  is  perfectly  evident  that  there  is  some  not  well  understood 
Bubstance  in  tJie  red  blood  cell  which  unites  and  forms  a  complex 
with  the  sensitizer.  This  much  and  no  more  has  been  experimeo-* 
taUy  ilemonstrated ;  the  intimate  nature  of  the  reaction  is  unknown. 

It  is  scarcely  profitable  to  e:iplain  this  simple  fact  in  any  elaborate 
fasliioo-  To  say  that  the  corpuscle  receives  and  holds  the  sen- 
sitizer by  means  of  a  "  receptor,"  or  that  the  sensitizer  combines  with 
such  a  rece))tor  because  it  has  a  combining  cytophilic  gn>up,  h  to 
pretend  to  a  knowlwige  not  yet  obtained^  We  may  content  our- 
selves  by  saying  that  a  complex  is  fonned. 

But  how  does  this  complex  (sensitizer-corpiiscle)  fix  alexin? 
To  which  constituent  of  the  complex  is  the  affinity  for  this  sub- 
stance due?  It  is  certainly  not  the  corpuscle  itself,  for  we  find  that 
noruial  unsensillzed  corpuscles  do  not  take  up  alexin.  Is  it,  therij 
the  sensitizer,  or  is  it  the  combination  of  the  twD,  tliat  shows  an 
avidity  for  alexin  that  neither  o[ie  of  its  constituents  alone  possesses? 

Both  hypotheses  have  been  su^ested.     The  fiist  one,  namely, 

*  Sur  les  relatifjob  i\*s  (tens  ibillsat  dees  dvec  I'aloaiDe.  AnoiileB  de  riastjlut 
Postetir,  XX,  IW»I5,  467- 
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that  the  aenaitiser  combines  with  the  alexin  ^  ha^  been  suggested  by 
Ehrlich  and  Morgonroth.  According  to  these  authors  the  sensi- 
tifier  molecule  haa,  in  addition  to  the  atom  grojp  that  bindft  it  to 
the  cell  receptor  (cytophiiic  gtoup),  a  second  distinct  group  (eom- 
plemertophiUc)  that  unites  with  the  alexin.  Tins  explanation,  whieh 
rcganis  the  sensitizer  a^  a  bond  of  union  between  coqiusclt^  and 
alexin,  suggest^n  two  corollaries  * 

In  the  first  i>lace  the  enrpusrle  lias  no  direct  participation  In 
lilexiii  alisorption,  but,  simply  tjikiw  hold  of  tin-  scasjIlKt^r  and  then 
ceases  to  function.  It  is,  then,  the  sen&itiaer  that  comes  into  play 
in  ali^xin  absor[)tion  by  means  of  its  own  affinitips.  Ami  further, 
on  Ehrlich  aoJ  Morgenroth's  thesis,  alexin  absorption  is  a  purely 
ehemieal  reaction  tlue  to  affinities  between  atoms  or  gnjups  of 
atoms,  Tlie  complex  receptor-si^ftsdiitT-alexin  may  be  regarded 
as  a  shigle  large  molcenle,  the  nucleus  of  which  is  the  sensitizer  and 
the  t^iiJe  ehairLH  of  which  are  the  n^eptor  aiid  the  alexin. 

The  alexin^  then,  would  luut*?  with  a  new  and  definite  ehemieal 
complex,  and  its  absorption  ig  mnt  comparable  with  phenomena  of 
a^lhe^ion  [the  fixation  of  a  toxin  by  a  precipitate,  for  example)  nor 
with  tlie  various  dyeing  phenomena,  in  which  eases  the  molecules 
of  the  substance  to  tie  staJnc<l  attract  the  molecules  of  the  dye 
without  intervention  of  atomic  affinities.  Nur  is  it  comparable 
to  the  common  facts  obser\'ed  in  the  precipitation,  agglutination 
and  coagulation  of  colloidal  substances,  nor,  in  short,  to  the  many 
phenomena  due  to  njolecular  adhesion. 

According  to  the  second  explanation,  proposed  several  years  ago 
by  one  of  the  authors  of  the  present  article,  the  sensitizer  doea  not 
of  itself  combine  with  the  alexin.  It  unites  with  the  corjiascl&s  and 
forms  a  complex  which  has  I  lie  new  property  of  uniting  with  the 
alexin  and  of  n^moving  it  from  the  surrounding  fluid :  in  other  terms^ 
neither  the  proper  substance  cf  the  corpuscle  nor  the  sensitizer  by 
itself  ha^  any  perceptible  affinity  for  the  alexin.  Such  an  affinity 
becomes  evi^lcnt  only  when  the  proper  tiubstance  in  the  corpuscle 
has  become  modified  C^ensUized)  as  a  result  of  union  with  the 
sensitizer  and  ?o  chungcfi  mUi  an  alexin-attracting  complex. 

Acconling  to  this  hypotlie^i.s,  there  i^  no  question  of  a  comple- 

■  la  oocoHance  vitb  Ihifl  conception  Ehritoli  aad  Morgenroth  have  given  ibe 
Domc  of  amborcptor  tg  the  flCQflituwr. 
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mentophilic  group  in  the  sensitizer  fitted  to  take  hold  of  alexin  mih- 
out  inltrvention  of  Xha  cfirpuscle;  the  corpuscle  itself  takes  part 
in  the  fi-vation  inafimuch  as  It  is  one  of  the  constituent  merabera 
of  the  absorbing  complox  * 

It  is  to  be  notod  that  this  second  point  of  view,  in  accordance 
with  which  the  sensitizer  has  no  complemeutophilie  group,  is 
much  iesa  compatible  with  the  idea  that  alcTdn  fixation  is  a  true 
chemica!  reaction,  implying  the  formation  of  a  new  wcU-dcfinod 
compound. 

Unless  we  suppose  that  the  union  of  the  Bensitizcr  with  the  cor- 
puscle receptor  is  more  than  a  simple  attachment,  and  unless  we 
admit  that  this  union  modifies  the  affected  molecules  very  pro- 
foundly by  causing  a  new  distribution  of  their  atoms,  it  ia  difficult 
to  eee  how  this  combination  can  give  rise  to  atom  groups  avid  of 
alexin  when  no  trace  of  them  ia  present  in  either  of  the  two  bodies 
that  take  part  in  the  reaction. 

This  latter  conception,  however,  harmonizes  with  the  idea  that 
the  alexin  ia  taken  out  and  absorbed  by  a  process  of  molecular 
adhftiioii  rather  than  by  a  true  chemical  reaction. 

We  have  simply  to  consider  the  substance  of  the  corpuscle  uniting 
with  the  sensitizer  as  so  modificil  in  its  properties  of  adhesion  as 
to  fonii  a  complex  capable  <»f  clicking  to  alexin,  as  calcium  fluoride 
and  other  inert  chemical  precipitates  in  fine  colloidal  suspension 
remove  the  fibrinogen  from  plasma- 
Do  we  not  find  analogous  If  not  identical  instances  in  the  change 

•  Etirlichand  Morgcnrotb,  lo  bcflurc,  havcBubsoqueQUymodificd  tlieir ofigioal 
theory,  at  Eeu^t  as  r^iirils  ci^rt^uii  eena'illLGis  or  ul^xioa  ixml  cerULin  corpit^cLeQ. 
They  ulmiL  ifmt  ia  reriaiu  histanoes  the  t^nailiter  shows  no  ulUnLty  for  alexin 
until  it  is  combincil  with  Ihc  cell.  It  is  naturally  difficult  to  discusd  or  appraise 
the  value  at  a  Lheory  thab  cbanKca  ao  nuytedly  frora  year  to  yc^r^ 

Tg  state  that  the  aenaitiaer  romtiin^  with  the  alexin  only  Rftcr  utifon  with  the 
corpuscjlea  ie  prootically  to  adopt  Bordct'e  coaceptioo,  accorJing  to  vs'hieh  neither 
oae  of  lilt  coa^titucntd  aJonc  i^  able  to  ^x  akAio.  Such  n  atattiaeat,  moreover, 
reooutLoes  ibe  theory  thcit  was  so  dalinit«ly  stated  nl  Ri^Ih  n^Lmely,  that  the  alexin 
tiaitcfi  with  the  seasitiEcr  avva  wh^a  ao  corpu^les  arc  prp^nt. 

If  the  iutervcation  of  the  curpiLScloa  ia  adaiitlcdlyoeceasarj.tho  two  theoriea 
really  dilTef  only  In  logif?  eubtleiiM. 

It  ia  only  fuir  to  add  that  althougb  EhrJich  and  Uorgenroth  admit  that  the 
eetifiLtiser  ip  cerlam  inz^taacea  cau  conibiue  ooly  aft4:r  cell  unicHt  tbey  $l4itc  that  in 
other  cnses  the  oppoiiite  eondillon  noeiii^.  tiiimely.  rhat  the  union  of  the  alexia 
vith  the  EGQBitiBer  laercoficB  the  aOiuity  al  the  latter  for  the  corpuscle. 
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of  molecular  adhesion  that  is  the  essential  cause  of  the  agglutination 
of  bacteria?  Is  it  not  a  change  in  moitx^ular  adhiwion  that  mabea 
bacteria  treated  by  an  agglutinin  flock  out  when  aotliuio  chloride 
\^  addedj  ulthnugh  nonnal  Imteria  do  not? 

Frofn  (his  vit>w|K>int  alexin  fixation  assumes  a  ratire  rral-  and 
general  iiUertti't  than  was  at  first  apparent.  In  emleavoriiij^  to 
underslanil  tfie  reactions  that  take  place  in  the  body  by  comparison 
with  simpler  and  iK^tter-knowri  facts,  is  it,  neeessary  Iji  look  for 
analogies  in  pure  cheraiaLry  alone,  as  do  Ehrlich  and  Morgenruth? 
Such  phenomena,  as  we  know,  follow  laws  of  definite  proportions^ 
and  ^ve  rise  to  compounds  of  unvarying  constitutions  described 
by  a  formula.  But  may  we  not  also  cite  analogibi!  among  the 
phenomena  of  molecular  a^llifNion,  flocculalion,  coagulation,  emul- 
sion, dyeing,  stit^kiness  and  the  liku? 

When  we  try  to  prove  the  principal  proposition  of  Ehrlich  and 
Morgenroth  experimentally,  namely,  that  the  sensitizer  can  com- 
bine with  the  alexin  without  the  presence  of  corpuscles,  negative 
results  are  obtained;  the  alexin  remains  quite  freej  as  was  demon- 
strated in  carlitT  experiments,  to  which  the  reader  is  referred  * 

In  endeai'oring  to  prove  their  assertion  Ehrlich  and  Sactist  have 
laid  much  stress  on  the  supposed  complement  deviation  evidenced 
by  the  well-known  experiments  of  Ncisser  and  Wechsberg  on  the 
an ti bacteriolytic  eflfecl  of  an  excess  of  sensitizer  in  presence  of  a 
relatively  small  doise  of  alexin. 

This  complement  deviation  is  due,  according  to  the  authors  in 
(luestionjto  the  fact  that  the  excess  of  sensitizer  which  is  refused  by 
the  saturated  bacteria  remains  free  in  the  fluid  and  takes  up  on 
its  own  account  part  of  the  alexin  and  so  prevents  it  from  destroy- 
ing bacteria;  this  supposition  was  never  proved  experimentally. 
Several  authora  have  recently  questioned  Neisscr  and  Wechsberg's 
exfflanation  of  their  jjhenonienon  an<l  have  offered  new  explanations 
which  have  no  part  with  the  thesis  defended  by  the  EhrUch  school. 
[Gay,t  MorcBchinS  Buxton»||) 

•   Br>rdet,  Tho  morytlo  9pfa,  e\C-.  p.  ?1.*S- 

1  Ehrlich  Bod  Suobd.  Studied  on  Iinmumty,  Khriieb-Bglduiuij  Jobn  Wiley  A 
Sons,  p.  317. 

I  Gay,  see  p.  .157. 

{  Moretichi,  berlJDer  klioifirhc  WwbenBrhrirt,  LOQG,  p.  100- 

II  BuxtoQ,  Jounid  Med    Itt-warch.  XH,  11)05,  43t. 
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In  their  studies  on  soake  venoms  Kycs  an<J  Sachs  *  found  an 
apparent  confirmation  of  this  explanation  of  complement  devia- 
tion^  but  Hidcyo  Noguchi  t  later  showetJ  that  their  phenomena  were 
to  be  explained  quite  differently. 

There  is,  then,  no  valid  iea.son  for  conceiving,  as  Ehrlich  and 
Morgenroth  do,  that,  when  an  alexin  is  not  able  to  destroy  a  given 
corpuscle  sensitized  with  a  certain  sensitizer,  the  failure  is  due  to 
the  inability  of  the  alexin  to  combine  with  the  sensitizer  in  question. 
The  fact  that  an  alexin  docs  or  does  not  desfnjy  iu  a  given  case  is 
not  dependent  on  its  adaptability  or  non-adaptability  to  a  sup- 
positious coniplementophilic  gmup  of  the  sensitizer  employed- 
The  designations  "passende"  or  "mcbt  passende  Komplemente " 
do  not  intlicate  any  real  condition. 

And,  indeed,  with  what  alexin  should  a  sensitizer  in  horse  serum 
most  readily  unite  Itigically?  It  is  evident  that  it  should  combine 
with  an  alexin  from  thr  same  animal  species  —  the  horse-  But  as  a 
matter  of  fact,  although  horse  serum  contains  a  sensitizer  that 
hemolyzes  guinea-pig  corpuscles  in  conjunction  with  guinea-pig 
alexin,  no  such  result  occurs  with  hor^  alexin. 

Are  we  to  suppose  that  this  sensitizer  unites  with  the  first  alexin 
better  than  with  the  second?  Or  is  it  not  more  reasonable  to  con- 
clude that  both  alexins  are  absorbed  by  the  sensitized  corpuscles, 
but  that  the  horse  alexin  is  simply  less  toxic  and  less  liable  to  cause 
jlysia?  t 
another  example  we  may  note  that  nonnal  rabbit  Bcnim 
contains  a  sensitizer  for  goat  corpuscles.  This  sensitizer,  however, 
is  much  more  effective  with  guinea-pig  alexin  (which  alone  doea 
not  heniolyze,  as  the  serum  of  the  guinea-pig  contains  no  sensitizer] 
than  with  rabbit  alexin. § 

*  Kyea  Bjtd  Socha,  Studiifs  an  tmmunfty,  Ehrlich-BaldnAii,  John  Witey  A 
Sons.  p.  443- 

1  No^chi,  Jqut-  of  Exp,  Medicbo,  VII,  ]fl05. 

J  Tn  the  Bame  way  no  sh^lL  Uiter  show  that  aUhough  horae  nlexio  \s  well 
aboorbed  by  senaitued  ox  corpuoel^d  it  fails  to  b^moEyse  th&iiL.  Aimlogoua 
instances  have  already  beea  ocrled  by  Muir  ( Proceed icga  of  tJie  RojaI  Society, 
VdI.  74.  |!J04,  305)  aoJ  by  Gay  (lliia  volume,  p.  3:ifl). 

{  ExPfiHiUEN?-  Oaa  cubic  ccpijmeier  of  a  10  per  cent  Buspen^on  of  goat 
blood  ID  Bait  soluticn  is  placed  in  e^ch  of  four  tubes^  To  tube  "a"  ta added  0.4 
of  a  cubic  ceniimcTw  of  frcHh  ralihit  jtnim,  lo  tulie  "  b"  0,2  ol  a  cubic  ceciimeter 
of  freah  ^iaea'pig  Bcrum,  to  tube  "c"  li.2  of  a  cubio  ceoCiiiieter  of  ra.]>ljit  SGnim 
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The  important  factor  that  Ehrlich  and  Morgenrotb  neglect  ig 
that  each  alexin  has  a  tielinite  toxic  property  of  its  own  for  a  given 
corpuscle-  It  is  quite  c\'idciit  that  the  hemolytic  or  bacteriolytic 
power  of  scrum  will  vary  m  different  animal  species  as  their  alexins 
(HfTer  in  intensity. 

There  \i^t  however,  one  osperimcnt  reported  by  Ehrlich  and 
Sachs*  which,  if  the  interpretation  they  give  to  it  were  correct, 
would  prove  indisputably  that  the  alexin  really  unites  with  the 
sensitizer.  It  would  actually  seem  in  the  experiment  in  question 
as  if  the  sensitizer  does  unite  with  the  corpuscles  subsequent  to  its 
union  T\-it!i  the  alexin. 

This  alexin-sensitizer  union  would  seem  to  be  so  indispensable 
that,  if  the  alexin  were  deatroyed,  a  real  paralysis  of  the  sensitiser 
would  result,  so  that  ite  affinity  for  the  corpuscle  would  be  destroyed 
or  at  least  inhibitetl;  in  other  words,  the  cytophilic  group  would 
spcm  to  react  with  the  corpuscle  only  after  the  complementophilic 
gniup,  uniting  with  the  alexin,  is  satisfied. 

It  reniaias  to  tje  seen,  however,  whether  Ehrlich  and  Sachs  have 
not  entirely  rnLsiuteqjretptl  their  own  experinn^nt.  The  sensitizer 
in  question  i»  present  in  inactivated  (56  degrees)  normal  bovine 
senim.  the  eorpusclefi  affecleil  are  from  tin?  guinea-pig,  and  the 
alexin  employed  is  in  the  fonn  of  fresh  horse  serum. 

We  may  fiist  of  all  summarize  the  facts  that  Ehrlich  and  Sachs 
have  noted.  Bovine  serum,  inactivated  at  5fi  degrees,  naturally 
does  not  hemolyae  guinea-pig  eonJ^^eles,  as  its  alexin  ha,s  been 
destroyed.  Fresh  (alexie)  horse  serum  also  has  only  the  slightest 
hemolytic  effect  on  these  cells.  Tlie  heatal  ox  serum,  however, 
apparently  sensitizes  the  corpuscles  so  that  they  are  heinolyned  when 
fresh  horse  serum  is  added.  Strong  hemolysis  (Ex]>erinient  I)  ia 
evident  when  guinea-|)ig  corpuscles,  lieate<l  bovine  serum  and  fresh 
horse  serum  are  mixed  together  in  suitable  doses. f     So  far  there  is 

plua  0.1  of  a  cubic  ceitiniettr  of  e:ijineo-pittScniin.  anJ  to  luW  "d  '*  0.4  of  a  cubiD 
ceniimHer  of  rahhiL  tiprjm  plii^  I)  I  nf  n.  cuhin  ri'niinieter  ot  giiinea-pi^  iierum. 
HesiiJtnnl  hemolyfii-i.  rmnplrti*  in  nnp-lialf  hrnir  in  "d":  coraplctfl  in  one  boap 
in  "c,"     There  i^cnl^  n.  tmco  of  hcmol^t^is  in  "a"  nnrf  dotic  m  "b"  in  aa  hour. 

*  Ehrlii^h  aad  BELOhB^  dtudi'cfl  on  Immunity,  Ehrlich-Bolduan.  Joho  Wjky  & 
Sod*,  p.  209, 

t  For  pvamplp.  I  c.e.ftf  a  5  per  cent  suspemion  nf  guinea-pig  hlotv!  pluH  US  of 
A  tfuhEo  ccniimclcr  ol  boviae  bgtuic  t&ti  degre«aj  pJuE  0,5  of  a  cubic  ceDtEEoeter  of 
ffce^  horee  acrum. 
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nothing  remarkable  in  the  experiment.  But  in  a  second  experiment 
the  corpuscles  are  placed  in  contact  willi  the  ox  serum,  and  after 
a  certain  period  the  mixture  is  ccntrifugalized  and  the  supernatant 
fluid  dccantaJ.  On  the  juldition  of  horse  serum  to  the  sedirncntetl 
corpuscles  no  hemolysis  takes  place.  It  would  seem,  then  (and 
such  is  the  conclusion  of  Ehrlich  and  SaciL**),  that  the  corpuscles 
have  failcl  to  absorb  the  sensitiser  from  the  ox  serum  in  spite  of 
contact  with  it.  This  concla^^ion  seems  further  corroborate!  by  the 
fact  that  the  supernatant  fluid  that  has  been  use^l  in  treating  the 
corpuscles  is  just  &-s  active  as  before  contact.  Fresh  guinea-pig 
cor|JUM'lHs  whfri  aiMnl  to  this  }nu|"ematant  fluid  plu:^  frHi  liorse 
serurn  are  n^a^lily  ht-rnolyseiL  And,  what  is  more,  the  treated  cor- 
puscles, whieh  are  not  heinolyEetl  by  frei>h  horse  serum  alone,  are 
destroyed  as  ruadily  as  fresh  corpuscles  by  a  mixture  of  heated  ox 
serum  antl  horse  alexin. 

Ehrlich  anJ  Sachs'  interpretation  as  already  stated  is  as  follows: 
TJie  bijvine  sensitiKer  unites  reatlily  with  the  corpuscles  as  soon  as 
\Ui  affinily  for  alexiri  (hon^')  is  satisfictl,  in  other  wortls,  when  Its 
coinpk'mE-ntf)plniic  grtJUp  is  aattimttd,  Tliis  U  the  reason  that 
hemolysis  lakes  place  in  a  mixture  of  the  two  sera.  But  the  sen- 
sitizer shows  little  or  no  affinity  for  (he  corpuscles  unlef^s  previously 
combined  with  (he  alexin.  This  explains  why  the  corpuscles  remain 
intact  when  treated  successively  with  ox  ecrum  and  then  with 
horse  scrum.  If  these  interpretations  are  correct,  as  Ehrlich  and 
Sachs  affirm,  we  are  forced  to  atlmit  that  a  saturation  of  the  com- 
plementophllic  group  by  means  of  alexin  increases  the  chemical 
affinity  of  the  cytophilie  groups  in  other  words,  the  affinity  for  the 
coqiuscles. 

Theoretically,  it  is  rather  difficult  to  conceive  of  sueli  a  reperciis- 
mon  as  this,  since,  acconling  to  Ehrlich's  theory^  the  two  atom 
groups  are  tlistinct  and  indepemlent.  It  is  better  at  all  events  to 
remain  within  the  bounds  of  experimentation.  The  experiments 
which  we  have  just  mentioned  are  the  only  ones  that  Ehrlich  and 
Sach^  have  referred  to.  As  we  shall  see,  it  would  have  been  prefer- 
able for  them  to  have  investigaterl  somewhat  further  and  to  have 
adduced  other  experiments  before  offering  their  interpretation, 

There  is  one  fact  in  particular  which,  although  remarkable  and 
certainly  of  significance  in  any  correct  interpretation,  secma  to  have 
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escajjeti  tlie  iiLtRiitioa  of  the.se  writers.  Tieiiteil  bovine  scrum  has 
only  a  slight  agglutinating  jiroperty  for  guinea-pig  cciqjusclps. 
Fresh  horse  serum  does  agglutinate  tliera,  but  only  tlowly  and  when 
present  in  relatively  large  amounta,  several  hmini;  may  be  r^^ijuired 
to  clump  the  corpuscles  in  any  considerable  masses.  A  mixture  of 
the  two  sera,  however,  agglutinates  in  a  very  few  minutes. and  the 
corpuscles  soon  form  veritable  chunks  that  stick  to  the  gla,?s-  We 
may  mcniion  in  this  connection  an  experiment  with  fresh  horse 
serum  (alexin),  bovine  serum  healed  to  56  degrees,  and  a  5  per 
cent  suspension  of  washed  guinea-pig  corpuscle;  mixtures  are 
preparal  as  follows : 

L  Corpuscle  suspension,  1  c.e.;  bovine  eeniirij  66  degrees,  0-5 
of  a  cubic  eentimeter, 

2.    CoriJUsclcs,  1  c.c;  horse  serum,  0,5  of  a  cubic  centimeter, 

3-  CoriJusL'lca,  1  c.c;  0.5  of  a  cubic  centimeter  of  a  rabcture  io 
equal  parts  of  the  two  sera. 

There  is  intense  agglutination  in  3  in  a  few  minutes;  hemolysis 
begins  shortly  after  ami  later  becomes  complete;  mixtures  1  and  2 
not  only  are  not  hemolyzed,  but  show  only  a  very  delayed  agglu- 
tination which  ia  never  comparable  with  the  one  in  3. 

A  slight  variation  in  the  experiment  may  ho  made  by  making 
mixtures  1  and  li  and  then  mixing  then].  The  corpuscles  rapidly 
agglutinate  in  a  mixture  of  the  two  sera  and  are  soon  lakcd.*  It 
should  be  notal  at  once  that  if  horse  scrum  heatal  to  66  degrees 
is  adde<l  in  place  of  fresh  hoi^e  serum  to  the  heated  bovine  scrum 
there  is  not  only  no  hemolysis,  but  also  none  of  this  intense  agglu- 
tination. The  agglutination,  then,  would  seem  in  some  way  depend- 
ent on  the  presence  of  active  alexin. 

Tliis  is  a  rather  curious  condition.  If  an  explanation  were  sought 
according  to  Ehrlich  and  Sactis'  explanation^  we  should  have  to 
conclude  that  the  agglutinin  as  well  as  the  sensitizer  must  combine 
with  the  alexin  before  uniting  with  the  corpuscle.  Such  a  con- 
eliL^ioEi  Ls  unusual,  for  there  are  no  facta  that  would  lead  us  to  assume 
that  the  agglutinins  nvfi.[  alexins  to  be  efficient. 

Ehrlich  and  Sachs'  theory  of  the  mode  of  action  of  these  two  sera 
seems  already  open  to  criticism.     We  must  tlierefore  consider  in 

*  This  ag^utination  takes  pbce  at  room  temperature,  but  ia  more  rapid  at 
37  degreea. 
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detail  the  logic  they  have  aJopteJ  in  arriWng  at  their  conelasioii. 
Let  us  follow, then,  their  argument  step  hy  step:  First:  111  onler 
to  prove  that  the  sensitizer  of  heated  bovine  serum  does  not  com- 
bine witlt  guinea-pig  ecjrijuselea  when  horee  seniin  is  absent,  these 
&iit!n3rB  rely  on  the  fact  that  corpuscles  treatetl  with  Ix>vine  senirn 
remain  intact  when  subjected  to  horse  alexin.  Such  an  argument 
is  valid  only  on  thesup;x>Hition  that  hor?e  alexin  is  capable  of  hemo- 
lysin g  sens  itiaetl  corpUfieles,  Such,  however,  is  not  the  case.  Horse 
alexin,  indeed,  difTeis  from  the  alexins  of  most  sera  in  this  very 
respect,  Ehrlich  and  Morgenroth  have  themselves  noted*  that 
bovine  corpuscles,  seueitizftl  by  an  inaetivatetl  hemolytic  serum 
from  the  rabbit,  are  not  hemolyzed  by  horee  alexin,  although*  very 
small  doses  of  rabbit  or  guinea-pig  alexin  suffice  to  destroy  Ihem- 
They  have  explaine^l  the  fact  by  saying  that  the  horse  alexin  does 
not  "fit"  the  rabbit  sensitizer,  that  is  to  fjay,  fails  to  combine  with 
the  complemeatophilic  group  of  this  sensitizer;  in  other  words,  the 
alexin  is  not  absorbed  by  the  sensitized  cells.  It  may  be  noted, 
however,  that  this  latter  fact  is  not  true,  for^  as  we  shall  later  see, 
the  alexin  does  t>ocome  fixed  by  such  corpusclcaT  although  it  fails 
to  destroy  them.f 

There  is  no  proofs  then,  that  because  piinea-plg  eorpusclcfi  trcatM 
by  bovine  serum  remain  intact  in  horse  alexin,  it  is  due  to  their 
not  being  sensitized,  eincc,  when  they  are  undoubtedly  sensitized, 
they  give  no  hemolysis  with  this  alexin.  If,  indeed,  we  take  guinea- 
pig  corpasclcs,  senaitizCH-l  by  a  specific  inactivated  scrum  from  the 
rablttt,  wc  find  that,  although  they  arc  hemolyzcd  by  traces  of 
fre^h  rabbit  scrum  or  even  by  guinea-pig  scrum,  they  remain  intact 
in  mot[er&te  doses  of  horse  alexin  and  arc  destroyed  by  large  doses 
only  after  a  long  pcriwh 

It  is,  moreover,  easy  to  prove  that  there  is  a  moderately  powerful 
8cn.sitizer  in  bovine  serum  acting  on  guinea-pig  corpuscles  in  the 
ordinary  way,  that  is,  by  uniting  with  them  wlien  no  alexin  is  present, 
A  few  tenths  of  a  cubic  centimeter  of  bovine  serum  (5G  degrees) 
will  hemolyze  1  C,t3.  of  a  5  per  cent  suspension  of  guinea-pig  cor- 

*  Ehrlich  aad  Moc^gcoroth,  fitudics  on  ImmuDity.  Ebrlicb-Dolduaiii  John 
Wiley  i%  Sons,  p-  SS. 

t  This  lACi  Qkigbt  be  atat^  In  tha  Ehrlich  parlance  by  eayicig  thai  horse  oJc^cis 
hsM  no  tosophore  group  or  that  this  group  is  too  weak. 
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pu&c]fB  on  the  atUUtioii  of  guinea-pig  alexin  (0,3  of  a  cubic  ccnii- 
mctcr).  No  hcraolysiflT  however,  occurs  if,  instead  of  ordinaiy 
boated  bovine  serum,  the  same  senira  prc%'iouEly  treated  with  guincjo- 
pig  corpuscles  and  separated  from  them  by  ccntrifugalizatioQ  ia 
used.     Such  corpuacles  have  absorbed  the  sctt^ilizcr. 

Second:  Ehrlich  and  UsAihs  think  that  the  bovine  serum  (56 
degrees)  is  the  only  ^cntiitiaing  scnim  in  their  experiment.  No 
proof  of  thia  ia  given,  and,  aa  a  matter  of  fact,  the  hor^e  serum 
also  contains  a  senaitiecr  for  guinea-pig  corpuacles  which  is  usually 
stronger  than  the  one  in  bovine  serum,  A  mixture  of  horse  serura 
(0.3  of  a  cubic  centimeter)  and  guinea-pig  corpuscles  {1  c.c,  of  a 
5  pet  cent  auspeuaion)  gives  hemolysis  on  the  addition  of  guinea- 
pig  alexin  fO.3  of  a  cubic  centimeter).  It  b  not  surprising  that 
fresh  horse  aemm  alone  fails  to  hemolyae  the  blood,  although  it  con- 
tains Ijoth  alexin  and  sensitizer,  when  we  take  into  coDsiricration, 
as  just  shown,  that  the  horse  alexin  fails  to  hemolyae  these  cor- 
puseles  even  when  they  are  well  5en:^itiBe<i.  It  is  to  be  noted  in 
passing  that  the  horse  sensitizer  h  very  th^^nnolabiler  being  almost 
entirely  depriveti  of  its  power  by  heating  to  56  degrees. 

Thinl:  Ehrlich  anil  RaohfH  think  that  ox  serum  acts  only  as  a 
sensitizer  in  tlieir  f'Xi)eriaieaL 

la  it  true  that  the  bovine  aerum  owes  its  entire  or  even  the 
greater  part  of  its  efEcacy  to  its  seuaillzing  property?  May  there 
not  also  \y(i,  in  addition  to  the  sensitizi^r,  some  particular  sulMtance 
in  bovhie  ftemm  that  has  not  as  yet  Ix-pn  deseribe<l  in  this  or  in 
other  sera?  No  such  possibility  has  nccurreLl  to  Ehrlich  and  Sachs, 
who  regaTx!  the  bovine  serimi  simply  as  containing  a  sensitiaer.  It 
is  evident  that  to  decide  such  a  question  the  sensitizing  pibperty  of 
the  serum  must  first  be  removed-  In  othur  worils^  we  must  have 
conditions  in  which  the  sensitizer  not  only  need  not  but  actually 
docs  not  enter  into  consideration.  If,  under  such  conditions, 
heateti  bovine  aerum,  although  without  a  sensitizer,  hemolyses  cop- 
pusicles  with  horse  alexin^  we  must  conclude  that  the  serum  con- 
tains some  other  as  yet  unsuspected  substance  that  is  of  capital 
imporlajice  in  the  experiment. 

These  conditions  are  easy  to  fulM  by  adding  well-sensitized 
bovine  blood  corpuscle*  instead  of  guinea-pig  corpuscles  to  a 

*  Previoiuly  treated  with  Inmiuiie  KTUm  frorn  the  rabbit  and  thon  washed. 
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mixture  of  heatei.1  bovine  serum  antl  horse  alexin.  It  ia  evident  in 
Eucb  on  experiniGnt  that  not  only  is  a  sensitizer  in  the  bovine  serum 
lumecessary,  but  that  no  such  an  iso-  or  auto-sonsitizer  can  exist  * 

We  take,  then,  bovine  corpuscles  that  have  been  well  sensitized 
by  immune  eenini  frorn  the  rabbit.  On  the  addition  of  alexic 
horse  Eerum  neither  hemolysis  nor  agglutination  occure.f  But 
the  addition  of  the  horec  serum  pl^is  healed  bo^^no  Ecrum  produces 
an  extreme  agglutination  followed  by  slow  but  dietinct  hemolyfiis. 

The  details  of  this  experiment  arc  as  follows: 

Well-wafihcd  bovine  eorpueelcs  arc  treated  with  three  volumes 
of  rabbit  antibovioc  scrum.  Two  or  three  hours  later  the  cxceaa 
of  aenim  ia  removed  by  washinj;  in  aalt  solution  and  the  superna- 
tant fluid  rejected.  Salt  solution  is  then  abided  to  the  corpuscle 
sediment  so  a^  to  moke  a 20  percent  suspension.  Tbree  tube^  are 
matie  as  follows: 

Tube  1,    Freah  horse  serum.  0.3  c,c. 

Tube  2.    Bovine  serum  {5S  degrees),  0,3  c.c. 

Tube  3.  Fresh  horse  serum^  0.3  c.c,+  bovine  serum,  5G  degrees, 
Q,S  C.C. 

To  each  tube  ia  then  added  0,3  of  a  cubic  centimeter  of  aenai- 
tlaed  lx>vinc  corpuscles.  As  a  results  no  agglutination  or  hemoly- 
Hih  in  tubes  L  and  2;  rapid  agglutination  followed  by  hemolysis  hi 
tube  3, 

Such  a  result  Is  unexpected  and  paradoxical  in  view  of  current 
\ihas  on  wra-  It  is  quite  conceivable  that  wensitiaed  ox  corpuaeles 
should  remain  intat^t  in  horse  alexin,  for  wp  know  that  the  alexins 
of  eertain  spec^ies  are  too  weak,  or  are  unsuitable  for  hemolysis. 
But  the  fact  that  the  addition  o(  the  very  serum  tliat  should  be  most 
inactive,  namelyT  the  proper  serum' of  the  corpuscles  employed, 
should  destroy  the  corijuscles  U  at  least  peculiar.  This  serum, 
mttreover,  has  lost  its  alexin  through  heating.  It  is  also  a  surprising 
fact  that  this  form  of  agglutination  requires  the  cooperation  of  two 
sera,  neither  of  which  alone  affects  the  corpuscles  in  question- 

The  analogy  between  this  experiment  and  tbe  one  described  by 

■  In  most  of  thpsc  eiperimentj  bovine  senim  anfl  corpuscles  from  the  sune 
individual  worn  employed. 

t  It  13  h.1hu  to  lie  noted  ttiaC  the  rabbit  autibuvini*  A!nim»  although  highly 
Beositizingr  has  tittle  <it  no  a^lulLiiatuig  propony. 
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EhWichand  Sachs  ia  evident.  In  their  experiments  guinea-pig  cor- 
puscles which  rem^D  intact,  either  m  heat^  bovine  gemm  or  in 
frosh  horae  serum,  are  destroyed  by  a  mixture  of  the  two.  In  our 
csperimeot  sensitize<l  ox  corpuscles  act  in  the  same  manner.  As 
far  as  agfiluti nation  is  concerned  the  analogy  also  is  perfect.  It  is 
probable,  then,  that  both  experiments  are  subject  to  a  common 
explanation.  And,  what  is  more,  the  explanation  of  Ehrlich  and 
Sachs  would  already  seem  untenable. 

It  ie  not  to  be  supposed  that  bovine  serum  contains  an  amboceptor 
that  unites  with  its  own  corpuscle  and,  on  the  other  hand »  with  the 
alexin  of  horae  serum,  or  that  thb  combination  with  the  alexin  is 
necessary  to  produce  a  hypothetical  union  with  the  corpuscles,  A 
careful  study  of  the  facts,  moK-over,  renders  such  a  auppoaition 
quite  impossible.  Wemay  consider,  then,  in  detail  the  data  offered 
by  the  experiment  that  wc  have  rcporte<L 

a.  Li  it  necessary^  in  order  to  proiiucc  agglutination  and  hemoly- 
ei5  of  lx>\inc  corpuscles  by  means  of  horse  scrum  and  healed  bovine 
scrum,  that  these  corpuscles  should  be  sensitized?  We  acid  to  0-5 
of  a  cubic  centimeter  of  a  20  per  cent  emulsion  of  unsensitized 
corpuscles  0,3  of  a  cubic  centimet^'r  of  each  serum.  Nothing  occurs 
and  the  corpu-sclcs  remain  intact.  Experiment , shows,  then»  that  the 
corpuscles  must  be  scnsitizctl  in  onler  to  be  agglutinated  and  de- 
5troyeil,and  that  the  necessary amboccptoracting  upon  ox  corpuscles 
is  not  present  in  ox  scrum.  Experiment  further  shews  that  horse 
serum  has  nn  distinct  sensitizing  effect  for  ixjvine  blocd  corpuscles. 

b.  The  i^resence  of  alexin  in  the  mixture  is  obviously  necett^iy 
for  hemolysis;  but  is  it  equally  inilispensable  for  agglutination? 
We  add  0.3  of  a  cubic  centimeter  of  heateil  bovine  serum  and  0.3  of 
a  cubic  centimeter  of  horee  serum  heaterl  to  5C  degrees  to  0,5  of  a 
eut»c  centimeter  of  a  suspension  of  sensitjzed  bovine  corpuscles. 
There  is  no  hemolysis  or  agglutination. 

c.  Does  the  horse  serum  simply  furnish  the  alexin  or  does  it 
also  furnish  the  prinei|>le  that  causes  agglutination?  If  it  only 
fumishos  the  alexin  it  may  evidenlly  l)e  replaeeil  by  any  other 
fresh  serum,  ati,  for  example,  frpsh  rabbit  senun.  This  proves  to 
be  the  case,  as  the  following  experiment  shows:  We  add  to  each  of 
two  tubes  0-5  of  a  cubic  centimeter  of  a  suspension  of  sem^irized 
bovine  corpuscles  and  to  the  Qist  tube  add  0.2  of  a  cubic  centimeter 
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of  rabbit  alexin;  to  the  eecoad  0.2  of  g  cubic  ceDtimeter  of  rabbit 
oleJdn  plus  0,3  of  a  cubic  centimeter  of  heatetl  bo^-inc  serum.  The 
corpuscles  in  both  tubes  hcniolyze,  as  the  rabbit  alexin  in.  i^trongly 
hemolytic  for  the  sensitized  corpuscles-  But  the  hemolyeis  is 
prcccde<l  in  the  second  tube  by  an  extraortlinary  agglutination 
which  does  n()t  occur  in  the  first.  A  control  tube  shows  that  neither 
agglutination  nor  hemolysis  would  have  token  place  if  an  emulsion 
of  normal  bovine  corpuscles^  instead  of  sensitized  bovine  corpusclcaj 
had  been  employed.  It  is,  then,  the  bovine  serum  and  not  the  horse 
serum  that  furnishes  the  agglutinaling  principle,  and,  as  wc  have 
already  determined,  agglutination  takes  place  only  when  the  cor- 
puscles are  treateii  both  with  a  senyitiaor  and  with  an  alexin.  The 
origin  of  thia  alexin,  however,  ia  indifferent  and  may  bo  either  from 
horse  serum^  rabbit  serum  or  even,  as  wc  shall  see,  from  bo\'iiie 
serum  itself. 

We  add  to  each  of  two  tubes  0h2  of  a  cubic  centimeter  of  fresh 
non-heateti  b<jvine  serum.  To  the  firat  tube  we  then  add  0-5  of  a 
cubic  centimeter  of  normal  Irvine  corpuscles  and  to  the  second  tube 
an  equal  amount  of  bovine  corpuscles  that  have  already  been  treated 
with  rabbit  antibovine  serum.  There  is  a  rapid  agglutination  of 
the  corpuscles  in  the  second  tube,  but  none  in  the  first. 

To  sum  up,  wc  find  tlijit,  in  |>rrapnre  nf  any  alexin,  bf»vine  wenim 
will  agglutinate  corj^UMlc^^  tti  the  f^me  species  (and  even  of  the 
same  animal)  provided  they  be  sensitised-  When  the  alexin  is 
only  weakly  h(-fnolytie,  a^  h  the  case  wilh  hor^p  aiexin,  its  ta'sk  is 
greatly  faedirated  by  the  addition  of  bovine  serum.  In  other  wonis, 
this  serum  not  only  agglutinates  senaitizal  cnrpuscles  IhaL  have 
been  subjecteii  to  alexin,  but  changes  these  coqmscles  in  such  a 
way  that  alexin  that  might  othenvise  be  Imputenl  bt-comes  strong 
enough  to  produce  hemulyj^ls,  Tliis  explaiiL^  why  tf.ei\sh}z&.\  bovine 
corpuscles  which  show  no  effect  when  Kubject&i  to  horse  alexin  are 
agglulinate^l  and  hemulyKeil  wfien  heatetl  bovine  ?^eru^]  Is  atkled  * 

Bovine  serum  caases  bovine  corpa^cles  to  be  more  easily  destroyed 

*  It  Ib  to  be  noLni  tbat  ve  do  not  eay  that  it  ia  on  acamnt  of  IIa  ogHlutinutEoa 
that  ox  serum  renders  corpuscle*  more  accessible  tn  the  ficiinn  of  n  weak  aleTin, 
What  yrc  do  say  is,  that  bovJoe  Bemm  renders  porpuscloa  more  acMssible  lo  fllcTtio 
activity  and  ta  aJiIition  produi^ifsa  very  nutrkcd  at^ lutlDatioa,  It  ittiui  crwtu^  lo 
the  iaet  that  the  corpuBcJes  are  clumped  th»l  tbey  beoome  more  ausceptible  to  the 
cJcadD,  ae  ne  shall  btor  oao. 
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by  horse  alexin;  one  [night  almost  say  thai  it  increases  their  sen- 
silivity.  We  purpr.isely  avoid  using  this  expression,  since  it  might 
leaf!  to  a  supposition  that  bovine  serum  contains  a  real  sensitizer 
for  its  own  corpuscles.  If  the  term  sensitization  were  loosely  used, 
it  might,  perhaps,  be  einploye-i  in  this  case,  that  is  to  say,  if  it  were 
used  in  the  sense  of  rendering  the  corpuscles  more  susceptible  to 
destruction,  as  is  the  case  when  the  amount  of  sodium  chloride 
present  is  diminishwi,  the  worti  sensitization,  however,  lias  been 
used  in  a  more  exact  sense  by  one  of  us  for  some  time,  which  suffices 
to  prohibit  its  use  in  the  present  instance  aa  applied  to  bovine 
serum.  We  know,  in^leeil.  that  the  true  sensitizers  do  ool  affect 
their  proper  corpuscles  and,  on  the  other  band,  that  corpuscles  that 
have  once  been  properly  sensitized  do  not  need  the  aid  of  another 
sensitiEcr  in  order  to  be  hcmolyzcd  by  alexin.  In  a  similar  way  it 
is  evident  that  Lliis  substance  in  bovine  ficrum  should  not  be  con- 
fused with  the  ordiDary  agglutiiuLs,  although  it  does  lead  to  an 
agglutination. 

Wc  find,  Id  fact,  only  one  logical  explanation  for  this  peculiar 
activity  of  bovine  scrum;  and  in  order  to  elucidate  the  following 
discussion  wc  may  announce  this  explanation  at  once,  although  it 
is  experimentally  provetl  only  in  subsequent  pages.  We  believe 
that  there  esists  in  bovine  serum  a  peculiar  substance  that  resiata 
heating  to  5(3  degrees  (and,  it  may  be  added,  is  retained  in  heated 
scrum  for  months),  of  an  apparently  albuminous  and  colloidal 
nature^  which  shows  no  effect  on  n.\l  blood  cells  so  long  as  they  are 
under  normal  conditions,  but  which  unites  with  them  as  soon  as 
they  arc  laden  with  sensitizer  and  alexin,  Wc  have  to  deal,  we 
believe^  with  a  pure  phenomenon  of  molecular  adhesion.  From  the 
point  of  view  of  properties  of  molecular  adhesion  it  is  e\"ident  that 
normal  corpa^icics  differ  from  the  complex  that  results  in  a  mixture 
of  corpuscles,  sensitizer  and  alexin,  inasmuch  as  this  complex  haa 
the  property  of  attracting  and  binding  to  it  this  substance  in  ox 
serum  that  the  normal  corpuscle  ila^  nnt  imssess.  The  adhesion 
between  this  substance  ami  scnsilizctl  and  alexinizal  corpusclea 
prodiires  their  agglutination  in  large  clum|ffl  and  afc  lemls  to  a 
mcxiification  in  them  ;\hicli  renders  them  more  easily  hemolyzed 
by  alexins  of  moderate  potency. 

We  shall  refer  briefly  from  this  thiie  on  to  this  substance  in  bovine 
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Bcrum  that  attaches  itself  to  scnsitiEcd  and  alL^xioiaai  corpuscles 
as  "bovine  coUi^iJ." 

Before  wc  endeavor  to  explain  the  accuracy  of  the  ioterpretation 
that  we  have  just  olTercd,  wc  may  apply  il  to  the  hemolysis  of  guinea- 
pig  corpuscles,  since  these  are  the  corpuscles  that  are  useci  in 
Elirlif^h  and  Saohs'  experiment.  To  render  the  transition  between 
the  ex|"ieriinent^  wc  have  just  recounted  and  the  experiment  of 
Eliriich  ami  Sachs  more  simple,  we  may  deal  first  with  guinea-pig 
cnrpascles  that  have  been  sensitized  in  the  same  manner  a-s  were 
our  bovine  corpuscles,  that  is  to  say,  with  a  specific  antiguinea- 
pig  serum  (a  serum,  heated  to  56  degrees^  from  a  rabbit  that  had 
been  inununiKeil  against  guinea-pig  iilotx!). 

These  sensitized  guinea-pig  corjjiiscles  are  hemolyied  by  fresh 
guiuea-pig  serum,  although  the  hemolysis  is  rather  slow,  particularly 
when  the  amount  of  alexin  employeii  ia  small,  owing  to  the  fact 
tliat  tUe  alexin  come^  (mm  the  same  animal  species-  Under  such 
conditions,  by  analogy  with  tbe  experiments  already  consiJered,  the 
addition  of  heated  bovine  serum  should  have  a  distinct  accelerating 
action  on  the  hemolysis.  The  addition  of  this  serum,  moreover,  to 
these  sensitized  corpuscles  that  have  been  niixed  with  alexin  shoulJ 
bring  about  very  marked  agglutination. 

These  expectations  are  experimeutally  confirmable.  Sensitized 
guinea-pig  corpuscles  are,  to  be  sure,  already  distlncLly  agglutinated 
by  rabbit  antiguinea-pig  serum,  but  as  soon  as  the  alexin  and  heated 
bovine  serum  are  Eidded  the  agglutination  becomes  much  more 
marked.  The  corjtuselea  are  immediately  collected  into  large 
glistening  clumps  which  are  soon  hemolyz&L  The  bovine  eerum 
produces  no  such  agglutination  with  the  eensltuefl  corpuscles  when 
no  alexin  is  present;  tbe  bovine  colloid,  wc  repeat,  affects  coqjus- 
cles  only  when  they  have  been  both  sensitizal  and  alexiniaetip 
The  analogy,  then,  between  this  experiment  and  the  one  with 
sensitized  ojc  corpuscles  is  coTuplct^.  The  details  of  the  experi- 
ment follow:* 

*  Tt  13  to  be  Doicd  that  ihe  partirrular  rabbit  DntLguiiien-pig  Benim  that  ve 
have  vscd  For  tbia  experiment  was  obtained  b^^  iajcrcting  rabbits  with  carefully 
willed  guiuea-pic  red  bluu^J  ct:iU.  Tbia  aatiifUJupu-pig  acruia  was  oeithtir 
precipitating  nor  anti-AlEKic  for  guinea-pig  serum;  if  it  had  been,  the  experiment 
might  have  bova  vUinteii  by  e»  neutraliialioD  ot  the  guiDQA-pig  uleKia  in  the  tuboa 
3  and  4  foliowiiig. 
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The  followirg  mixtures  are  made: 

Tutx- 1.     GuJutid-pig  alexin,  0.1  c.c.  bovicie  serum  {66  dt:gr««s),  0.3  c-c. 

Tube  '2,  RabLiit  antigumca-pig  Krum  (56  degreed),  0.15  ec;  bovine  Bcrum 
(56  licpreea},  0.3  cc 

Tube  3.  Gi[ine:i-pig  alexia,  0.1  c.c,  rabbiL  BUliguinm-pie  Herum  (56degn«a). 
U.15  c  c:  bcvioe  fii>Fum  (5t5  iio^ri?i-E)^  U-3  c^,c. 

Tube  4.  Cuinca-plg  aloxin,  O.i  c.c;  mbbib  antigumea-pig  aBTum  (56  dorses), 
O.IS  e,P. 

Tub«  5-    R&bbit  antLguinea-pLg  Bcnim,  U.16  c.c. 

To  each  tube  is  then  abided  0-5  of  a  cubic  centimeter  of  a  5  per 
cent  su3]3cnsion  of  washed  guinea-pig  blood.  At  room  temperature 
the  following  results  occur: 

In  tube  3j  in  which  the  bovine  senim  affects  sensitized  and  alex- 
ini3:eil  coqmsclea,  a  very  powerful  agglutination  occun^  in  a  few 
mofnents,  and  hemolysis  is  complete  in  10  minutes.  In  mixture  4, 
which  is  identical  with  3  except  in  not  containing  bovine  serum, 
there  is  only  slight  agglutination^  and  hemolysis  is  incomplete  in 
half  an  hour.  TuLies  2  and  5  that  contain  no  alexin  ^ve  a  slight 
agglntinatioT],  but  no  hemolysis.  Tn  tube  1  tliat  contains  alexin, 
but  no  sensilizerf  the  coqmsclcs  arc  not  agglutinated  and  show  only 
a  very  alow  partial  hemolysis  which  is  Incomplete  on  the  following 
day.  This  hemolysis  is  due,  as  we  have  already  seen,  to  the  Fact 
that  hfated  Ijoviiie  serum  contains  a  weak  sensitizer  for  guinea-pig 
corpuscles.* 

Now  that  we  have  determined  that  the  heated  bovine  serum 
actiii  by  adhcHion  of  the  colloidal  substance  on  spnsitiKcd  and  alex- 
iniaed  coqniscley  both  of  the  ok  and  of  tho  guinea-pig,  Elirlich  and 
Sachs'  experiment  is  rea(lily  understood.  It  may  be  explained 
just  as  the  preceding  exijorinients,  namely,  by  sup])f^wing  that  in 
the  mixture  of  fresh  horse  serum  and  healed  bovine  serum  the 

•  This  roi;(turc  containing  aleiJa  and  corpiiaclea  acnailUcd  simply  with  heated 
bovine  senim  [nnrl  not  with  the  specific  aoiispruin)  is  nnt  Hufficienlly  ainsiiiied 
or  lixcd  wilL  aluxin  tn  bring  altout  nn  cn«rgeLic  adhcaion  of  the  colloid;  ebb  loiter 
Buhntauce.  as  ne  aliall  later  ace.  under  tbeae  cooJitlona  U  somewliiit  absorbpiJ,  iso 
that  bi^moly^ia  although  slight  fs  [ncrea-^d. 

It  is  to  be  noted  thut  th«  ^»iknei>4  o1  the  boviJie  9enaitii«F  IK  due  fWrhnpB  to 
heat.  Thia  subatancc  indcf?<l  appwira  lo  be  more  powerful  in  unhoflted  bovine 
Berum.  We  (led  that  gLjined-pie  corpuBclea  am  cnergciifaLly  cljm|wd  by  fre^h 
seriiETiH  whidi  ^Ituws  that  the  i^ulloid  haa  adhered;  (hid  meaa^,  of  coiinie^  that  they 
bavebc^n  well  HoaiLued  and  obo  aldxicUed  by  tlie  rreeh  bovin?  oonim ;  kemolyaia 
aahnquenlly  occurs. 
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guinea-pig  corpuscles  become  Udcn  with  sensitizer  and  alcJdn  and 
are  therefore  susceptible  to  absorb  the  colloidal  substance  which 
brings  about  agglutination  ami  facilitates  hemolysis. 

Which  oE  the  two  sera  is  it  that  prtxlucea  the  sensitization?  We 
have  already  seen  that  heated  bovine  serum  contains  a  sensitizer 
inasmuch  as  its  addition  to  a  mixture  of  corpuacleaand  guinea-pig 
alexin  produces  a  distinct  hemolj-sis.  This  sensitiBcr  may  produce 
some  effect  in  the  experiment,  but  it  is  by  no  means  neces3ar>'< 
because  we  have  ah-eady  found  that  heated  bovine  serum  treated 
with  guinea-pig  corpuat^les  and  thereby  deprived  of  its  sensitizer 
for  these  corpuscles  retaina  intact  its  property  of  endowing  fresh 
horse  serum  with  a  hemolytic  property.  It  is,  moreover,  ea.sy  to 
understand!  why  the  bovine  Ecnsitizer  is  not  necessary  inafimuch 
as  another  sensitlBer  of  superior  pott'ncy  is  present  in  Ehrlich  and 
Sachs*  experiment.  This  i.s  the  sensitizer  conlainerl  in  fresh  horse 
Berum  in  addition  to  the  alexin* 

Our  interpretation  of  EhHidi  and  Sachs'  exjieriment  is  there- 
fore the  following:  When  guinea-pig  corpuscles  are  added  to  a 
mixture  of  the  Iwo  eera  they  are  affected  by  the  sensitizer  of  the 
horae  eenim  and  to  a  certain  extent  by  the  sensitizer  in  heated 
bovine  serum,  Thw  .^^eeond  sensitizer  is,  however,  superfluous. 
Its  presence  is  by  no  means  necessary  for  the  experiment.  When 
this  sensitization  is  effected  the  corpuscles  are  then  in  a  condition 
to  fix  the  horse  alexin.  This  alexin,  however,  has  only  slight  hemo- 
lytic power.  But  once  the  corpuscles  have  become  sensitizeii  and 
la^ien  with  alexin,  they  are  modified  in  their  properties  of  molec- 
ular adhesion  to  such  an  extent  that  they  become  able  to  attract 
the  colloidal  substance  of  bo\'ine  serum,  wliich  unites  with  them. 
The  adhesion  of  this  new  substance  produces  two  results:  It  causes 
tiie  blood  corpuscles  to  be  more  easily  destroye<l  by  alexin  and 
sho  agglutinates  them  energetically.  Consequently,  a  powerful 
clumping  Followed  by  hemolysis  is  obsen'eth 

This  interpretation  explains  all  the  facts  that  have  been  noted 
by  EbrUch  and  Sachs.  It  is  evident,  Inv  example,  that:  {a)  bovine 
serum  (56  degrees)  that  has  been  treate^l  with  guinea-pig  corpuscles 
will  retwn  its  property  of  forming  a  hemolytic  mixture  with  horse 

■  It  is  to  he  rccftllwl  thai  ihe  rjpmonfllration  t>f  this  i;eii*iiti?^r  in  fasy.  fiuinea- 
pi^  corpuacleB  are  hecoolyned  by  a  mixture  of  ^piuiei'pig  alexin  and  horse  Berom- 
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serum.  The  guiDea-pig  coq^usclea,  in  other  wonls,  may  remove 
all  the  sensiltser  from  the  bovine  serum,  since  this  substance  is  not 
necespai^'  in  l.lie  ficnuilysis*  but  they  cannot  remove  the  tolloldal 
substance.  This  ctjUmdal  substance  is  absorbwl  only  by  corpuscles 
that  have  been  treatt-d  both  with  sensitizer  anil  alexin, 

(6)  These  treSlwl  giiinca-pig  cnqjuscles  that  have  fixed  the 
sensitizer  but  not  the  collnulal  substance  of  bovine  serum  are  not 
heraolyzed  if  the  excess  of  serum  is  removed  and  horse  scmm  abided. 
Such  corpuscles,  although  they  are  sensitized  and  fix  the  alexiu  in 
the  hoi^e  serum,  are  not  subjected  to  the  effect  of  the  colloidal  sul> 
stane*?,  which  has  been  removed  in  removing  the  excess  of  bovine 
serum. 


Inasmuch  as  the  preeoi^linp  experiments,  and  in  particular  those 
dealing  with  bovine  corpuscles^  have  shown  that  Ehrheh  and  Sachs' 
interpretation  formulated  on  purely  theoretical  anri  preconceived 
grounds  is  inacceptahle,  we  feel  scarcely  called  upon  to  consider  it 
further-  It  t?  well,  however,  to  verify  the  accuracy  of  our  own 
explanation. 

Ft  rat:  Wc  think  that  the  fixation  of  the  coUniilal  substance  oeoura 
only  when  the  corpuscles  have  been  treated  with  ecasitJacr  and 
alcjcin.  If  this  be  true  wc  should  expect  that  corpuaclea  so  sen- 
gitizcd  and  aicxinizcd  nnd  subsequently  carefully  washed  in  salt 
solution  would  absorb  the  colloidal  substance  of  heated  bovine 
aerum  added  to  it.  Wc  should  not  expect  the  presence  of  free 
alexin  to  be  necessary  for  this  absorption. 

Inasmuch  as  clufnping  is  a  \'isible  symptom  of  the  absorption 
of  the  colloid,  wc  should  expect  sensitizeil,  alexinizcd  and  sub- 
sequently washed  corpuscles  to  show  this  phenomenon  on  the 
aiiditinn  nf  heated  bo\inc  serum,  in  such  an  experiment  the  sen- 
siliKeil  corpuscles  must  of  necessity  not  be  dcstroy«l  by  the  alexin, 
and  [or  this  purpose  horse  .si-rum  which  has  only  slight  hemolytic 
properties  is  best. 

We  prepare,  then,  a  10  per  cent  suspension  of  ox  blowl  tliat 
has  been  sensitized  with  a  specific  serum  from  the  mhbit  and 
subsequently  washed,  and  also  a  10  per  cent  suspension  of  non- 
sensitizei.l  nx  blood.  The  following  mixtuTEs  are  made  in  three 
large  tubes: 
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(a)  Suspension  of  sensitized  corpuscles,  1  c,c. ;  fresh  horse  serum, 
0.3  c.c- 

{b)    Sensitised  corpuscles,  1  c.c;  horse  serum,  56  degrees,  0.3  c,c- 

(c)    Non-sensilized  corpuscles,  1  cc;  fresh  horse  serum^O.G  c.c. 

Half  an  hour  later  the  tubes  are  tilled  with  salt  solution,  tea* 
trifugalizefl  and  the  supernatant  fluids  decanted;  this  washing  is 
repeatetL  After  the  seeond  decanting  1  ChC,  of  salt  solution  plus 
QA  c.c.  of  bovine  serum  {5G  degrees)  is  addeil  to  each  sediment  of 
corpuscles.  The  result  is,  no  a^lutination  in  tubes  "b"  and  "c" 
but  a  strong  and  almost  instantaneous  applutinhlion  in  tube  "a," 

Second;  We  have  just  said  that  the  colloiiial  substance  ii^  absorbed 
by  sensitiaed  and  alexinizci-l  corpuscles-  If  this  is  true,  heated 
bovine  serum  that  has  been  trcatal  with  such  corpuscles  should 
not  be  able  to  agglutinate  fresh  corpuscles.  Experiment  verifies 
this  expectation.  Well-scnaitizcfl  bovine  corpuscles  arc  washed^ 
restored  to  primitive  volume  and  mixed  with  three  parts  of  freah 
horse  ^crurn.  Two  Lours  later  the  corpuscles  are  washai  agtun, 
reatorfil  to  primitive  volume  and  an  ecjual  amount  of  heated  bovine 
serum  is  added.  The  bovine  serum  is  found,  subsequent  to  tliia 
contact,  to  retain  little  if  any  of  its  crjlloidal  !?ubstjince-* 

ThinI:  Bovine  serum  that  ha,s  lost  the  greater  part  of  its  colloidal 
substance  in  this  manner  should  show  very  much  less  activity  than 
intact  serum  when  inixerl  with  fresh  hor^e  serum  and  guinea-|iig 
corpuscles.  V^e  find,  indeeil,  that  agglutination  and  hemolysis 
of  these  corpuscles  are  very  much  less  in  the  presence  of  this  ex- 
hausted serum  than  with  a  correspfjnding  rlose  of  untreated  bovine 
serum  or  with  Imvine  serum  that  has  Ihvu  treatetl  simply  uith 
guinea-pig  corpuscles  anil  has  tlioreby  lost  its  sensittiier  only. 

Fourth;  The  colloirlal  sulv^tanee  is  absorbed  and  produces 
agglutination  only  when  the  corpuscles  are  alexinized  as  well  as 
sensitineil.  In  (lie  Ehrlieh  and  Sachs'  exi)eriment  It  is  evidently 
horse  serum  that  funiishes  the  alexiun  We  should  expect,  then,  that 
if,  to  a  mixture  of  piinea'pig  corpuseles  and  heateti  Iwvine  serum, 
horse  serum  that  has  been  treated  with  any  sensitizBl  corpuscles 

*  Tl  ia  to  be  Doted  Lhal  very  small  amouata  of  colloidal  subfllatice  nuF^ce  iiy 
ftgglutiaate  sensirised  and  aWiniied  onrpiisclea.  A  ^ompleTc  rEmoval  of  tbe 
OolloiJ.il  aubalanrc  woulJ  IhcrcForc  be  ncceaaary  to  briDg  about  ac  entire  loss  of 
aggJutiUfltiDB  pruperLj. 
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IS  added,  the  corpuscles  would  show  neither  hemolysis  nor  aggluti- 
nation. Experimentally  we  fbd  this  to  be  true-  Bovine  blood  ia 
eetisitiaed  with  three  volumes  of  serum  from  an  immunized  rabbit. 
The  corpuscles  are  then  washed,  the  original  volume  of  the  blood 
reestablished  and  an  equal  amount  of  fresh  horse  serum  adcjed- 
After  a  time  this  mixture  is  centrifugal! zed  and  the  supernatant 
fluid  y  employt^l  as  horse  serum  deprived  of  alesin.  As  a  control 
we  use  hoi?*e  semni  that  has  been  treatetl  in  exaclly  the  same  man- 
ner with  unsensitizefl  bovine  corpuscles.  The  following  mixtures 
are  ihen  ftreparel; 

[a)  o  fjer  ct^nt  suspension  of  guinearpig  corpuscles,  1  cc.;  bovine 
serum  (56  degrees),  0.3  c.c;  treated  horse  serum,  Q.G  c.c. 

('0  Corpuscle  suspension,  I  c.«. ;  bovine  serum  (5S  degrees), 
0.3  c.c;  eontrol  horse  serum,  O.G  c.c. 

{c)  Corpuscle  suspension,  1  c.e.;  Ixivine  serum  (56  degrees), 
0-<3  c.c:  a  mixture  of  equal  parts  of  salt  solution  and  fresh  horse 
serum,  O.fi  e.e. 

As  a  result, agglutination  appears  rapidly  in  "fe'^aod '*c,"  followed 
by  hemolysis.     There  is  no  agglutination  or  hemolysis  in  "o." 

The  same  experiment  with  sensitized  ox  eorpusclea  in  place  of 
guinea-pig  corpuscles  gives  a  similar  result. 

It  is  to  be  noted  in  passing  that  this  experiment  also  furnishes  a 
proof  of  the  functional  unity  of  the  alexin-  Horse  serum  that  has 
been  depriveil  of  alexin  for  bovine  corpu'^cles  has  likei^-iae  lost  its 
alexie  activity  for  guinea-pig  corpuscles.  Both  species  of  cor- 
puscles, therefore,  are  sensitive  to  the  same  ale>dn. 

Fifth:  According  to  our  idea,  in  Ehrlich  and  Sachs' experiment  the 
fresh  horse  serum  not  only  furnishes  the  alexin  for  the  f^nca-plg 
corpuscles,  but  is  also  of  prime  importance  in  sensitizing  them. 
Guinea-pig  corpuscles  that  have  been  placed  in  contact  with  fresh 
horse  serum  alone,  ami  then  wflsii&l  ami  bo  deprived  of  the  excess 
of  ecrum»  should  be  both  ecnfiitizcd  and  alcxiniscd,  in  other  words, 
able  to  fix  the  colloiiinl  subetance;  they  should  therefore  be  agglu- 
tinated on  the  atldition  of  heated  bovine  scrum,  whereas  normal 
guinea-pig  corpuscles  will  show  no  sjch  ctfect.  We  find  this,  experi- 
mentally, to  be  true.  Asacontrol,  it  is  shoivn  that  corpuscles  treated 
in  the  reverse  manner,  that  is  to  say.  by  hcate<l  bovine  serum  first, 
washed,  and  then  horse  serum,  show  no  agglutination. 
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Tube  a.  Teo  per  cent  Buspcneion  of  guinea-pig  corpuscles, 
Ic.c. 

Tube  fc.  Ten  per  cent  auepension  of  corpuscles,  I  c,c»;  fresh 
horse  scrum,  0.3  c.c. 

Tubcc.  Suspeosion  of  corpuaclea,  1  c-c;  bovine  fienim  (56  de- 
grees), 0.3  c.c. 

An  hour  later  the  tubes  are  filled  with  salt  solution,  the  mixtures 
well  shaken  and  cenlrifugalised.  The  supernatant  fluids  arc  theu 
decanted  and  L  c.c.  of  eait  eolution  is  added  to  each  sediment.  To 
tubes  "a"  and  "6"ia  then  added  0.3of  aciibic  centimeter  of  bovine 
acruin  (56  degrees),  and  to  tube  "c"  0.3  of  a  cubic  centimeter  of 
fresh  horse  serum.  As  a  result,  there  is  a  powerful  and  almogt 
immediate  agglutination  in  "h"  but  notliiiig  of  the  kind  in  "a" 

Sixth:  According  to  the  preceding  resulta  we  should  expect  that 
horse  serum  that  has  been  treated  with  guinea-pig  corpuscles  would 
be  deprived  both  of  its  sensitizer  and  of  its  alexin  for  these  nelb,  aijd 
that  consecjuently  it  would  have  no  power  to  form  an  agglutinating 
and  hemolytic  mixture  for  fresh  guinea-pig  corpuscles  witli  bovine 
Bcrum.  This  exliauj^tion  uf  hon^  seruiEj  by  contact  with  guinea- 
pig  corpuscles  is  easily  verified  experi[nentally,  as  Klein*  has  already 
shown.  This  fact  J  moreover,  is  quite  irreconcilable  with  Ehrlichand 
Sachs'  explanation.  There  is  one  fact,  however^  that  must  tie 
noted  in  performing  this  experiment.  The  absnrption  of  the  active 
sutjstancea  frt>m  horse  serum  takfw  place  pi^rfectly  if  the  serum  is 
niixed  with  a  suspension  of  corpusclqg,  that  is  to  say,  corpuscles 
sufficiently  diluted  in  salt  solution.  But  if  the  salt  solutioD  is 
removed,  that  is^  if  a  sediment  of  corpuscles  is  employed^  the  absorp- 
tion is  iacomplcle  and  the  serum  retains  the  larger  part  of  ita 
original  properties.  This  fact  has  also  been  noted  by  IGein.  This 
would  show  that  the  fixation  of  aetive  principles  in  a  serum  is  in- 
fluenced by  very  slight  variations,  the  importance  of  which  well 
may  be  overlookeil^  and,  consequently,  the  usual  method  of  specific 
absorption  as  employe-1  by  Ehrlieh  and  his  fallowers  in  the  study 
of  hemolysis  may  lead  to  erroneous  conclusions.  In  the  present 
example,  for  instance,  one  might  be  led  to  conclude  that  the  cor- 

*  lleher  die  Rpeinflusaung  rlps  hjimDlylisclmn  Kompleniprils  rliirrli  Agg|iitm&- 
tioD  und  Pr^iipilatiDn.    Wiener  klmische  WocbenBctinft,  iiK)5,  No-  IS. 
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poscles  did  or  did  not  possess  receptors  for  the  active  substances 
of  horse  serum  ic  accordance  with  whi^tlier  salt  solution  was  or  was 
not  prt^ent.  One  of  us  and  also  I^ndsttiner  have  already  notal 
the  causes  of  error  in  experiraenta  in  specific  absorption  of  this 
nature.    The  following  esperinient  will  illustrate  this  point: 

Tube  a.  Fresh  horse  serum,  0.4  c.c.:  washed  guinea-pig  blood, 
40  per  cent  suspension  in  salt  solution,  1  c.c. 

Tube  6.  Fresh  horse  serum,  0.4  c,c.;  the  sediment  of  corpuscles 
derived  from  1  c.c.  of  40  per  cent  suspension. 

The  lubes  are  centrifugalized  after  an  hour's  contact  and  the  su- 
pernatant fluids  "a"  and  *'b"  are  poured  into  tubes  '*aa,"  which 
contfiin0.05c,G.  of  pure  guinea-pig  blood,  and  "bbt"  which  contain 
this  amount  of  blood  plus  1  c.c.  of  salt  solution.  To  each  tube 
"ca"  and  "66"  is  then  added  0.4  c,c.  of  bovine  serum  (56 degrees). 
Afl  a  result,  there  is  no  agglutination  or  hemolysis  in  tube  "oa," 
but  in  tube  "  &ft,"  on  the  contrar>",  agglutination  and  hemolysis  arc 
almost  as  rapid  and  powerful  as  in  a  control  mixture  containing 
0p05  ex.  of  blood.  1  c-c-  of  salt  solution,  0,04  cc.  of  horse  serum  and 
OA  c.c.  of  bovine  aerum  (50  dcgreca). 

Wc  then  take  the  sedinienta  in  tubes  '*o"  and  *'&"  respectively, 
and  add  to  each  1  c-c.  of  salt  solution  plus  1  c.c.  of  heated  bovine 
serum-  The  corpuacles  in  "b"  show  only  slight  and  very  gradual 
agglutmation ;  the  corpuscles  in  '*a"  are  much  more  rapidly  ag^u- 
Linated,  which  me-ans  that  they  have  absorbed  the  colloidal  sub- 
stance better,  and  are  better  senaitiBcd  and  alexiniBed. 

In  the  same  way,  as  we  find  that  the  active  substances  of  horse 
serum  are  more  easily  absorbed  in  the  presence  of  salt  solution, 
we  also  find  that  agglutination  and  hemolysis  of  guinea-pig  cor- 
puscles in  a  mixture  of  bovine  serum  plus  horse  serum  occur  better 
when  the  mixture  contains  a  certain  amount  of  physiological  solu- 
tion than  when  it  does  not. 

Seventh;  In  Elirhch  and  Saolis'  expenment  the  sensiliration  of 
the  coqDuscles  is  essentially  brought  about,  as  we  have  airea^ly  seen, 
by  horse  serum.  This  serum  would  naturally  lose  its  alexin  when 
addet]  to  sensitized  bovine  cojpuscles,  and  would  keep  its  sensitizer 
for  guinea-pig  blood. 

If  we  should  add,  then,  to  such  a  serum  alexin  in  the  Form  of  fresh 
guinea-pig  serum.  It  should  recover  its  property  to  hemolyze  guinea- 
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pig  corposclea,  and  the  property  woultJ  become  more  energetic  if 
one  added  in  addition  heated  bovine  serum. 

To  make  the  experiment  more  demonstrative,  the  bovin&  serum 
may  first  be  deprived  of  its  sensitizer  for  guinea-pig  corpuscles  by 
contact  with  them;  in  this  case  its  action  is  due  entirely  to  its  col- 
loidal substance,  the  sensitizer  being  furnished  by  the  horse  serum- 

Under  these  cooditiona  a  mixture  of  guinea-pig  corpuscles, 
bovine  serum  {5ti  degrees)  that  has  been  treated  with  an  equal 
volume  of  guinea-pig  corpuscles,  fresh  horse  serum  that  has  been 
treated  mlh  an  equal  volume  of  sensitized  bovine  corpuscles,  and 
guinea-pig  alexin,  g^ves  a  marked  hemolysis. 

Proper  controls  show  that,  in  this  experiment,  if  bovine  serum  is 
not  present  the  hemolysis  by  the  treated  horee  serum  plus  guinea- 
pig  alexin  is  much  slower,  and  also,  in  anothercontrol.  that, if  horse 
serum  is  not  present,  treated  bovine  scrum  plus  alexin  From  the 
guinea-pig  produces  no  hcmolyais- 

Eighth:  One  final  remark  on  the  hemolysis  of  guinea-pig  corpuBclea 
by  heated  bovine  serum  plus  guinea-pig  alexin  occura  to  us.  It 
is  evident  that  in  such  a  mixture  the  colloidal  substance  may  take 
a  cert^n  additional  part,  inasmuch  as  the  corpuscles  are  some- 
what sensitized  by  the  bc^ine  serum,  and  therefore  capable  of  dxlug 
the  alexin  and  sulisequently  of  absorbing  a  certain  amount  of  colloid. 
This  latter  sulifitaaee,  as  we  know,  tends  to  increase  hemolysis, 

Un<ler  these  conditions  the  corpuscles  should  be  more  actively 
destniyeil  than  when  they  have  been  first  seasitized  by  addition  of 
bovine  serum  and  then  washed  antl  guinea-pig  aleJtin  sub?seqiiently 
added-  If  we  proceed  in  this  manner  we  suppress  the  CftUoid 
absoqDtion  by  sensitized  and  alexinizeti  corpuscles,  lu  other  wards, 
we  find  experimentally  that  hemolysis  is  better  when  the  bovine 
serum  hi  left  with  the  corpuscles  and  tlie  alexin  than  when  added 
to  the  coqniscles,  and  the  excess  eliminated  befure  the  fresh  guinea^ 
pig  serum  Ls  added. 

Of  course  no  such  peculiarity  occurs  in  the  hemolysis  of  corpuscles 
in  presence  of  alexin  and  horse  serum.  This  latter  serum,  as  we 
know,  acts  only  as  a  sensitizer  and  shows  none  of  the  properties  of 
the  bovine  colloid. 

The  interpretation  of  Ehrlich  and  Sachs'  experiment  that  we 
have  offered  is  therefore  experimentally  confirmable.    There  is, 
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however,  one  fnct  th&t  at  first  sigbt  might  seem  not.  to  agree  with 
our  explanation- 

When  guinea-pig  corpuscles  arc  treateti  with  a  stifBcient  amount 
of  fresh  horse  serum,  washeii,  aiiJ  then  adcJed  to  heated  bovine 
senim^  ao  energetic  aggUiti nation  occurSf  due  to  the  absorption  of 
the  colloidal  substance  by  sendtized  and  alexinlzed  corpuscles, 
It  would  also  seem  as  if  undor  these  conditions  an  active  hemoly^ 
should  take  place,  Rince  we  know  that  hemolj-sia  is  also  favored  by 
the  addition  of  colloid.  The  hemolysis  under  these  conditions, 
however,  is  very  slow  and  sU^t,  although  the  agglutination  is  rapid 
anti  strong. 

It  is  to  be  noted  that  in  such  an  oxperiment  the  alexin  and  colloid 
are  fixe<l  successfully  and  at  relatively  long  intorvaL?  apart.  It 
would  seem  as  if  the  fact  that  the  alexin  had  been  actinia  for  a  long 
time  hail  increased  the  properties  of  molecular  adhesion  on  the 
part  of  the  corpuscles  to  its  maximum,  and  as  if  the  exaggerated 
absorption  of  the  colloid  had  brought  about  an  unusually  intense 
agglutination.  In  other  words,  it  would  seem  aa  if  there  were  some 
antagonism  between  hemolysis  and  agglutination.  It  woulfi  seem 
as  if,  when  agglutination  is  too  powerful,  Ihc  corpuscles  would,  so 
lo  epeak,  coagulaUj  and  so  become  more  resistant  to  alexin.  The 
proof  of  this  supposition,  which  incidentally  brings  out  the  fact  that 
absence  of  hemolysis  in  the  caae  in  point  in  no  way  disagrees  with 
our  interpretation,  may  be  experimentally  shown  in  the  following 
manner:  Corpuscles  that  have  been  subjected  to  horse  serum  and 
subsequently  to  a  strong  agglutination  by  hcatal  bovine  scrum  will 
resist  hemolysis  on  the  subsequent  aiidition  of  both  hor^c  serum 
and  bo%ine  serum,  in  other  words,  when  subjected  to  a  mixture 
that  is  highly  hemolytic  for  ordinary  corpuscles.  The  agglutinated 
corpuscIes>thcnihaveagreaterreaistanccthan  t tie  normal  corpuscles. 

Id  short,  the  hemolysis  due  to  these  three  substances  ia  a  phe- 
nomenon dependent  on  the  manner  in  which  the  various  factors 
are  added  ^  and  its  mechanism  is  so  delicate  as  to  be  easily  destroyed 
by  varying  the  experimental  conditions. 

The  reverse  of  this  condition  may  be  produced  also,  that  ia  to 
say,  an  active  hemolysis  accompanied  by  a  slight  ag^utination.  To 
increase  this  hemolytic  tendency  a  small  amount  of  guinea-pig 
alexin  is  aiMeil  to  the  mixture  of  b*jvine  serum  plus  horse  serum. 
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For  example,  hemolysis  is  much  more  rapid  id  a  iiiisftm^  of  1  t.c. 
of  5  per  cent  guinoa-pig  blood  plus  0.3  of  a  cubic  centimeter  of 
heated  bovine  serum  plus  0.3  of  a  cubic  ceutimeter  of  horse  serum 
plus  0,3  of  a  cubic  centimeter  of  fresh  guinea-pig  semm  than  when 
the  guinea-pig  alexin  is  omittwl.  In  the  first  instance  the  agglu- 
tination is  little  or  none,  whereas  in  the  secontl  it  is  strong, 

Hemolyda  and  agglutination ,  therefore,  are  not  inseparable  and 
inters  I  op  end  en  t,  but  arc  two  distinct  results  of  a  single  phcnomenoQ, 
namely,  the  absorption  of  the  colloid  by  sensitizftt  and  alexinized 
corpuaclca. 

Conclusions. 

1,  As  we  know  from  Ehrlich  aod  Sachs'  experiment,  guinea- 
pig  corpuscles  are  hemolyzed  by  a  mixture  of  fresh  horee  serum  and 
heated  bovine  scrum  (5G  degrees)^  but  they  resist  hemolysin  when 
Ihey  arc  treated  iiret  with  bovine  serum,  and  the  horse  serum  ie 
autecquentiy  added.  The  interpretation  of  Ehrlich  and  Sachs, 
which  supposes  that  the  sensitizer  in  bo\-ine  scrum  will  cot  unite 
with  corpuscles  until  it  has  first  combinal  with  the  alexin^  is  inex- 
act. In  the  first  place  the  more  powerful  and  neceaaary  aensitiaer  is 
not  in  the  bovine  eerum,  but  in  the  horae  scrum-  Both  these  sensi- 
tizers^ moreover^  act  as  do  other  sensitizers  in  that  they  do  not  need 
alexin  in  order  to  unite  with  corpuscles-  In  their  interpretation, 
moreover,  Ehrlich  and  Sachs  make  no  mention  of  an  essential  factor 
which  giv&s  ri^^e  to  the  remarkable  and  peculiar  appearance  of  the 
hemolysis  Ju  question  • 

2.  This  factor  is  a  substance  present  in  bovine  serum  that 
resists  heat  to  5fi  degu-es  and  may  be  kept  for  some  time.  It  is 
colloidal  in  nature,  and  is  doubtless  some  albmuinous  substanre 
which  has  the  prr^perty  of  uniting  with  cori»asck5^  that  are  lailen 
with  pensitizer  and  alexin  and  whieli  remains  free  in  llie  presence  of 
normal  or  oF  simply  scositiztHl  c^^qjusclc-s.  Tliia  explains  why  the 
guioea-pig  corpuscles  not  only  are  de^^troyed  by  a  mixture  of  the 
two  fcera,  but  the  reason  oF  their  agglutination  in  voluminous  masses. 

3-  The  absftrption  uf  i\m  coUuiil  by  sensitizeil  and  aJexinized 
corpuscles  is  probably  due  to  molecular  adhesion  due  to  a  chaifge 
in  the  corpuscles  brought  about  by  the  two  substances  with  which 
they  have  been  treated.     If  both  sensitizer  and  alexin  are  present, 
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corpuscles  of  any  kind,  and  even  from  the  same  individual  that 
furnishes  the  coUoid,  ^ve  the  phenomenon. 

4.  The  presence  of  this  colloid  explains  the  peculiarities  that 
have  been  noted  by  Ehrlich  and  Sachs.  It  is,  moreover,  most  evident 
in  the  experiments  which  we  have  detailed  for  the  purpose  of  out- 
lining the  mode  of  action  of  the  various  substances  that  iatervene 
in  the  agglutination  and  hemolysis  under  consideration. 

5,  Inasmuch  as  Ehrlich  and  Sachs'  interpretation  is  false,  it  is 
evident  that  the  single  argument  that  would  seem  to  prove  Ehrlich 's 
thesis  of  a  sef>arate  complementophilic  atom  complex  in  the  sen- 
sitizer must  be  rejected.  And, accordingly, the  terms  "amboceptor" 
and  ''complement"  should  be  abandoned  aa  erroneous. 


XX,    ON  THE  NATURE  OF  OPSONINS* 

Bt  J,   G.  3LEESWIJK   (Lej-den). 

In  a  previous  article  I  havo  reported  some  experiments  bear- 
ing on  the  function  of  the  so-called  opsonins  in  cellular  immunity.t 
I  demonst rated  a  thermolabilt?  substance  in  frog  seruni  which 
appears  indispensable  for  phagocytosis  of  the  anthrax  bacillus. 

I  have  since  continued  my  studies  on  this  subject  for  tho  purpose 
of  answering  the  familiar  question:  Are  the  opsonins  individual 
substances  sui  generus,  or  are  they  identical  with  known  immune 
bodies?  1  may  refer  to  a  few  of  the  many  publications  on  opeonLOB 
which  are  of  particular  importance  in  this  connection. 

It  may  be  stated  at  once  that  my  work  has  led  to  the  coTiclusion 
that  the  non-epecifiuity  or,  better,  non-autonomy  of  the  opsonins 
seems  to  me  fully  established. 

The  subject^  indecdj  is  far  from  new.  Metchnjkofl  snd  his  pupil 
Bordet  in  liis  studies  on  preventive  e<:ra,t  and  later  Sa\'tchenko  § 
with  hemolysis,  antl  indeed  all  investigators  that  have  worked  ^^"ith 
antisoffl,  have  noted  their  favoring  influence  on  phagocytosis. 
The  explanations  of  this  influence  have,  however,  varicfl:  some 
have  thought  that  the  bacteria  are  prepared  for  the  action  of 
an  intracellular  or  an  extracellular  alexin  by  specific  sensitizers, 
whereas  Metchnikoff  assumes  the  existence  of  stimuJins  with  a 
direct  influence  on  the  ]cucoc>'tcs.  |1 

For  a  long  time  attempts  have  been  made  to  find  specific  sub- 
stances which  act  as  intemicdiarica  between  bacteria  and  phagocytes, 
eince  we  know  tiiat  there  arc  preventive  aera  which  have  not  the 

•  Dabef  den  Bau  der  Opsoaine.     Cent,  r  ,  Bakt.,  1.  Orig.,  XLVI,  190S,  513, 

f  Ana^lca  dc  I'lnetitut  Poalcur.  December.  1907, 
t  On  the  mode  of  ocUou  of  preveuUve  9er^,  p,  SI. 
{  Siivtcheiiko-     Annalea  de  I'tnslitut  Pfialetjr,  1902. 

II  Conirary  to  the  opinion  of  cfrlain  inveatiCTtora  (Siuerbeck,  I^iahman), 
MetchDlkoft  aii  II  supports  hb  iitimuiiD  lEipary.  Coinp&re  Lub^r^h  and  Chteria^i' 
ErgoboUfle,  1907- 
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alightest  bactmciilal  actiou  in  vitro,  but  act  particularly  as  stimu- 
lants to  phagocyl.Oftiti. 

Denys  ami  Lpclpf*  showKl  that  this  was  the  case  with  anti- 
streptococcus  senirn,  and  Neufeld  and  Rini[fflu  "f  later  corralxjrated 
tli«*e  findings  for  the  strpptococciis  ami  t'xtcndcd  them  lo  the 
pneiimococcus.  They  called  tht»so  substance?,  which  they  sup^xxsed 
to  exist  in  the  immune  aera  and  which  they  believetl  to  act  favorably 
on  phagocytosis,  bactt'riolrophis. 

But  even  before  lliitt  time  Wright,  working  with  Douglas  and 
several  other  collaborators,  had  perfected  a  special  teehuie  by  which 
it  ^vaspossibletostudytherelationsofphagocj'tes  to  bacteria  during 
the  process  of  phagocytosis.  He  demonstrated  in  the  blootl  and 
in  other  body  fluids  substances  which  he  called  o|isonins-  These 
eubstaoces  prepare  the  bacteria  for  phagoeyto&'is  by  bocoming  fixed 
upon  them-  They  are,  in  general,  thermolabik\  greatly  increased 
in  the  immune  sera,  and  specjfic- 

These  opsonins,  which  are  considered  individual  sul:stances  by 
eome,  are  by  others  bclicve^l  lo  be  identical  with  the  sensitizers 
or  with  the  alexin.  Recently  LevaditiJ  with  two  collaborators, 
Inmann  and  Koessler.  assumed  an  intermetUate  [position  in  that  he 
believes  the  opsonins  of  normal  serum  lobe  identical  with  alexin 
and  the  opsonins  of  specific  sera  to  be  identical  with  the  sensitizers. 
Ncufcld  and  HiineJ  maintain,  on  the  other  hand,  a  distinctive  posi- 
tion for  thair  bacteriotropins.  Muir  and  Jlartlnjj  in  a  serlefi  of 
experiments^,  using  a  tcchnic  which  partially  corresponds  to  that  of 
my  es|>erinientfi  (fixation  of  complement),  liave  shown  a  marked 
eimilarity  between  alexin  and  opsonin. 

Let  us  now  consklcr  what  our  own  investigations  have  taught 
us,  I  vash  firet  to  report  on  the  character  of  the  opsonins  in  normal 
sera.  In  my  first  experiments  I  employcfl  frog  leucocytes,  since 
I  knew  tliat  after  thrcc^  washings  with  physiological  Paline  solution 
they  lose  completely  their  power  of  iniiL'Sting  anthrax  bacilli,  and 
that  fresh  serum  will  reactivate  them  by  the  fixation  of  the  serum 
opsonin  upon  the  bacteria.     Furthermore,  I  had  previously  con-i 

•  Ln  CaJIqIp,  lSn5. 

t  Deutsche  iohI-  Wocli-p  lOOl,  and  Zeitochr  f,  Hyg-  U,  lafekliooakniDk-  190& 

t  C-  R.  Sw-  Uc  Biubgie,  April  and  May.  VMiT. 

§  Arb,  D-  ir  Kniseii,     tjf>aunilheit9B.iEite,  1907. 

II  Brit.  Med.  Jouraal,  DcoomW,  IQOe. 
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vincwi  myself  of  thp  fact  that  Fresh  frog  sprum  produces  com- 
pletely hemolysis  of  boviue  bkrod  (!or]Dus(?les  previously  treated 
withan  ioactivated  specific  serum  (rabbit  >  bovine).  If,  then,  the 
anthrax  opsonin  of  fn.^  ^enim  were  klentipa]  with  the  alexin,  the 
latter,  after  having  l^een  fixed  ou  bacteria,  should  no  longer  be 
ca|>able  of  hemolyzing  sensitised  red  blood  corpuscles.  The  entire 
experiment  with  the  controls  was  arranged  as  fullo^'s: 

A.  Into  each  of  6  very  small  lulies  a  dr/ip  of  thick  emulsion 
of  anthrax  bacilli  (24-hojr  agar  culture)  was  placed^  together  with 
Af  At  bV'  liff.  130  and  «U  of  a  cubic  centimeter  of  fresh  frog 
eerum.  These  were  properly  mixed,  left  for  one*half  hour  in  contact 
and  then  cenlrifugalizetK 

B.  In  6  similar  tubes  containing  each  0.5  of  a  cubic  centimeter 
of  a  5  per  cent  fluppen-^ion  of  bovine  blood  corpuselcfl  natural eil  with 
hemolytic  s^nsitircr  was  place<l  one  drop  of  each  supemalant  fluid 
from  the  tubes  in  "A*'  series. 

C.  Equal  volumes  of  the  washed  bacilli  from  "A'  series  were 
mixed  with  an  emulsion  of  thrice-washed  frog  IcucocyteSn  A  com- 
parison was  then  ma<le  of  the  degree  of  phagocytosis  in  "C," 
which  may  begin  at  once,  with  the  degree  of  hemolysis  which 
appears  in  "  B  "  after  considerable  time, 

D.  As  a  control,  (i  tubea  were  arrangc<l  containing  each  0,5  of  a 
culttc  centimeter  of  the  same  emulsion  of  ecnsitized  bloot!  cor- 
pa?cles  a?  in  "  B,"  and  to  each  ia  abided  one  drop  of  equal  volume 
coMaining,  rc;?pcctivcly,  Jtf*  t^c,  iS,  Ao,  alo  and  aJo  of  a  cubic 
centimeter  of  fresh  frog  scrum  which  was  not  previously 
treated  with  anthrax  bacilli.  The  result  of  this  experiment  is  as 
follows : 

1,  The  intensity  of  phagocytosis  in  '*C  "  decreases  from  tube  1 
to  ft.  In  No.  1  the  phagocytosis  is  very  marked,  tn  No.  6  none  is 
apparent.  This  is  evident,  dncc  the  bacilli  fixal  less  opsonin  aa 
the  acruni  dilution  incrcascil  in  '*  A," 

2-  In  *'  B,"  hemolysis  appears  in  none  of  the  tul>es.  TTie  reason 
tor  thi-'*  might  he  that  the  dilution  of  serum  in  *'  A  ^'  was  tfwi  great 
to  show  any  appreciable  alexin  action.  This,  however,  is  not  so, 
because: 

3-  In  "D"  series  there  is  hemolysis  in  the  firat  four  tub&i,  which 
grows  progressively  less,  ant.)  in  the  last  two  there  is  none.     (In 
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these  letter  eases  the  serum  dilutioa  was  actuaUy  too  great.)    This 
experiment  tells  U3,  therefore: 

(a)  That  the  alexin  was  fixed  at  the  same  time  with  the  opsonins ; 
(b)  that  the  intcnaity  of  the  action  of  opsonin  and  alexin  tlci^reases 
equally  with  increasing  aonini  dilution-  The  parallelism  between 
the  action  of  opsonins  and  alexins  is  therefore  striking, 

I  have  trieil  the  revcive  experiment  in  order  to  convince  myself 
whether  a  normal  j^eruni  which  baa  pre^noualj'  been  brought  together 
with  a  auitable  amount  of  sensitized  blood  corpuscles,  in  order  to 
bind  the  complcmL'nt,  has  lo:^t  its  opsonin  together  with  its  alexin. 
It  might  be  that  the  hcmoly^ia,  which  occurs  after  addition  of  fresh 
alexic  serum  to  sensitized  blood  corpuscles,  might  influence  the 
later  phagocytosis  experiment  with  this  serum  and  check  its 
opsonic  action.  This  consideration  led  nie  to  employ  fresh  horse 
sprunijthe  alexin  of  which,  as  is  well  known,  becomes  fixed  upon 
sensitized  blooti  corpuscles  readily  without  caiLsing  hemolysis > 
Furthermore,  I  had  previously  conviuceil  myself  that  horse  serum 
exer(s  a  pmiiumicef.l  opsonic  efTccI-  when  ftddei.1  (o  anthrax  bacilU 
and  washed  frt»g  leucocytes.  The  teehnic  of  U^e  experiment  is  as 
follnw.s: 

Tulx^  A  contains  2  t\c,  of  a  5  i^er  cent  emulsion  of  bovine  cor- 
puscles (thrice  washeil)  and  0.2  of  a  cuhlc  centimeter  of  inactivated 
specific  hemolytic  serum  (rabbit  >  bovine). 

Tube  B  contains  the  same  aniaunt  of  blooil  as  "A"'  and  0,2 
of  a  rubic  centimeter  of  physiological  saline  N]lution. 

The  tube«  are  pniperly  uVixt-ii  and  allowwl  to  stand  a  quarter  of 
an  hour.  The  tubes  are  then  filled  ujj  with  saline  solution,  shaken, 
ccntrifugahzed  and  all  the  su|jernatanl  fluid  carefully  removed 
with  a  pipette.  To  the  pediments  in  the  two  lubes  is  then  added 
0.2  of  a  cubic  centimeter  of  physiological  saline  i^olution  and  0.1 
of  a  cubic  centimeter  of  fresh  horse  yerum.  They  are  shaken  and 
the  mixtures  allowwl  to  stand  for  2  hours.  They  an?  then  cen- 
trifugalized^  and  the  supernatant  liquids  are  employed  for  the  fur- 
ther tests-  It  is  evident  tliat  if  the  (|uani.ities  have  been  properly 
chosen  {a.ud  such  is  the  case  here)  all  the  alexin  of  the  horse  serum 
in  tube  "A"  has  been  bound  by  the  eensitizefl  blood  corpusclee, 
whereas,  in  tube '*B"  it  is  still  free  in  the  fluid.  M  adefinif*?  t^n- 
trol  we  may  employ  a  phenomenon  which  has  given  rise  to  a  dispute 
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between  Ehrlich  and  Sachs*  on  the  one  hand  ami  BortJet  and  Gayf 
on  the  other  in  regard  to  the  oxplanatitni  of  the  phenomenon  of 
complement  deviation.  We  do  not  wish  here  to  enter  into  this 
theoretical  controversy,  but  merely  mention  the  fact  that  I  he  bring- 
ing of  tliluteti  washed  guinea-pi^  blood  in  contact  ^vith  inactivated 
bovine  scrum  and  fresh  hoi^e  serum  in  suitable  quantities  produces 
rapid  and  very  pronounced  agglutination  (later  hemoly-sis).  for  which 
phenomenon  the  alexin  of  the  horse  serum  ia  necessary. 

We  now  Bctup  two  tube;*  fa  anil  b),  eacli  of  which  ctjntain^O.S  o! 
a  cubic  centimeter  of  phyaiologjcal  valine  solution  and  I  drop  of 
a  1-10  dilution  of  wa.'sheil  guinea-pig  blood  and  half  a  drop  of  in- 
activated bovine  serum.  To  mixture  "s."  is  addc^i  a  drop  of  the 
liquid  from  the  tube  '*A/'  while,  to  the  similar  mixture  "h/' 
1  tlmp  of  the  liquid  from  tube  "  B  "  ie-  a^liled.  In  mixture  "b" 
tlie  bloo<l  toq>as{'les  are  difitincLiy  agglutinated  in  aUmt  10  nnnutes. 
In  *'a"  the  agglutination  is  totally  abticnt  and  remainrt.so.  Fluid 
"B"  contains,  therefore,  free  al<*xin;  "A,"  however,  does  not. 

Let  us  inquire,  now,  what  the  condition  of  the  opsonic  powtr  of 
these  two  fluids  is.  For  this  purpose  the  mixtures  indicait-d  are 
prepartd.  using  In  cAch  case  e(|Ua]  quantities  of  the  severs.1  com* 
ponents  (1  dro))  of  each  in  a  hollow  ground  slide  protected  from 
tile  air  by  a  cover  glass).  After  a  contact  of  30  minutes  smeara 
are  prc^piyed.  The  account  of  one  of  my  exjieriments  gives  the 
following  results: 


1.  Waab[?J  frae  leucocytes 

Aa  einulbion  of  anthnix  bocilU 
FhyEiiological  ^alini^ 

2.  WiuJitd  fnw  I*^ii™c>le8 
Kmtilaion  Cfi  nnthmx  bacilU 
Fluid  from  tabs  "A" 

3.  Lfucocytvs 
Audirax  (jacilli 
Fluid  from  lube  '^B" 

4.  Lfucocytett 

Einulaiuii  of  typhoid  bncilli 
Physiological  saliac  eolutioo 

a.  Leucocytw 

EmulaloD  of  typhoid  bacilli 
Fluid  "A" 

EiELulflloii  of  typhoid  lucilli 
Fluid  "  D  " 


Hcdult.  DO  phnKCcytosia. 


2S  ptr  cent  of  the  Ecucocylea  counted 
cu^a^cd  in  Eictive  pbaj^ocytodia- 

TS  per  cviil  of  ihe  Icucucyti^  abov 
poftgocylflfsis, 

Miniaml  phogocytoats, 

19  per  ceat  of  the  coanltd  leucocytea 
are  mcnr  or  less  Glled  with  ljT>&uid 
bacilli-  * 

S3  per  ceEit  uf  the  leucocytes  Ehovr 
p[i^acytusi?t, 


*  StiidieR  on  Immunity,  Khrlich-Boidu&D,  John  Wil^y  and  Sane,  p.  209h 
t  See  p,  363. 
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This  experimoTit  shows,  thererore,  that  tlie  npsonin  disappear 
to  »  great  extent  from  the  serum  logethrr  with  the*  ak'xin. 

I  should  like  to  cite  a  final  experiment  upon  thi?  bhidlng  or  fix- 
ation of  aJexi  n  in  support  of  the  conGcption  of  the  identity  of  normal 
opsonin  and  alexin-  It  Is  welJ  known  that  rabbit  blood  is  strongly 
hemolyzed  by  frrah  dog  serum.  If  suitable  dosra  an?  used, the  rabbit 
blood  coq)U3ck«  will  fix  all  the  normal  sensitizers  and  all  tlie  alexin 
of  the  dog  Borum.  This  fact  is  niado  use  of  in  tbe  following  experi- 
ment: 

Tube  1.  0.2  of  a  eubic  centimeter  of  normal  ilefibrinated  rabbit 
blood  is  washetl  three  times  with  physiological  saline  solution. 
After  the  tbii'd  washing  all  the  suiwmatant  fluid  is  rcmov«l  with  s 
pipette.  To  the  ceutrifugailaal  blood  corpuscles  is  added  0.2  of  a 
cubic  centimeter  of  freeh  dog  serum  and  2  drops  ph^-sio logical 
saline  solution.  They  are  properly  mixed  and  allowed  to  remain 
in  contact  2  hours. 

Tube  2.  0.2  of  a  cubic  centimeter  of  a  thick  emulsion  of  anthrax 
bacilli  f24-hour  agar  culture)  plu&  0.2  of  a  cubic  centimeter  of 
freeh  dog  serum  and  2  drops  of  physiological  saline  solution, 
mixed,  and  left  in  contact  2  hours.  After  2  hour^  both  tubes  arc 
centrifugal  iaed,  In  tube  Noh  1  a  marked  hemolj'sis  has  taken 
place.  As  a  control  to  determine  the  content  of  alexin  in  the  fluid 
of  tube  2,  the  follo\ring  thret;  tubes  are  made: 

A.  0.5  of  a  cubic  centimeter  washcti  rabbit  blood;  I  drop  of 
frcah  dog  serum. 

B.  0.5  of  a  cubic  centimeter  washed  rabbit  blood;  1  drop  of 
fluid  from  tube  2, 

C-    0.5  of  a  cubic  centimeter  washed  rabbit  blood;  I  drop  of 
physiological  saline  solution. 
Contact,  2  hours. 
Result:  A»    Hemolysis. 

B,  Faint  hemolysis,  distinctly  leas  than  in  A- 

C.  No  hemolysis. 
The  hemolysis  in  ^W"  is  naturally  less  than  in  tube  1  because  in 

the  latter  tube  equal  parts  of  blood  and  scrum  harl  been  brought 
together  and  the  dilution  of  the  serum  in  '*A"  is  therefore  much 
greater.  The  important  point  is  that  the  weaker  hemolysis  in  ''B'* 
proves  that  in  tube  2  a  fixation  of  alexin  on  the  bacteria  has  taken 
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place,  The  control  with  the  fluid  from  tube  1  can,  of  cour^,  not  bu 
nmdo  up  because  hemoglobm  has  already  been  dissolved  there. 
The  following  opsonin  experiments  were  furthermore  t-arried  out: 


1 .  WqsIieiJ  llfig  |p1]C<Wyt4!3 

2.  Leucocytes 
Anthrax  bacilU 
Fluid  froiu  luIm  1 

3 .  Leuuoeyf es 
AEkihrax  l>APiMi 
Fluid  from  tube  2 

4-    LeuoDcyteis  aa  in  1,  3  and  3 
biicillifram  tulie  2  wnshed  once 
Nci  ^riim;  merely  natae  saliae 


Very  m&rked  phagocytosia.      ■ 
Weat  phagocyioaia. 

Sli^t  pliogQcytiuia. 

Very  pronounced  phagocytosia. 


The  opsonin  has.  therefore.  In  great  part  disapppared  from  the 
dog  scrum  ^2  and  3),  together  with  the  alexin,  liaving  become  fixed 
In  tube  1  to  the  blood  corpuscles  (hemolysis)  and  in  tube  2  to  the 
bacteria  (4). 

All  these  facts  lead  us  to  the  conviction  that  in  the  normal  serum 
the  parallelism  between  the  action  of  the  alexin  and  the  opsonin 
goes  so  far  that  they  can  no  longer  be  considerwl  as  different,  but 
must  bo  regarded  as  identical  This  conclusion  agrees  vtry  well 
with  the  frequently  provon  fact  which  has  also  been  shown  by  me 
to  hold  for  frog  scrunn  namely,  that  normal  opsonin  is  thcrmolabile. 

I  ♦  havo  previously  pointed  out  (bo  difference  betwei^n  the  o|3- 
Bonin  and  the  agglutinin  In  frog  serum  foranihrax  baoilh  in  that 
they  arc  destroyed  at  different  temperatures  (ofisonin  at  STi^,  agglu- 
tinin at  70*"),  A  further  proof  is  found  in  tubes  5  and  G  of  the 
series  on  page  393.  The  diETcrenccs  in  the  degree  of  phagocytosis 
Eire  particularly  large,  here,  whereas  the  extracellular  typhoid 
bacilli  in  the  preparations  of  both  luboa  were  sligfilly  agglulinaled 
by  the  horao  serum, 

In  inveetigating  the  opsonins  of  specific  sera  I  have  employed 
hcmolj-tic  sera.  Sa'v'tchcnko  t  has  previously  shown  that  blocwl 
corpuscles  that  arc  loaded  with  epccitic  hemolytic  sensitiaers  easily 
fall  prey  to  the  leucocytcs.t 

*    LOC^  GJt, 

i  Anaalca  de  ITaalitut  Paateur  December.  ltHJ7, 

;  One  must  rerm^mtier  ihni  iham  expenmonts  verv  performed  with  unwashed 
ezudato  Icucocyloa,  aad  otfaer  iuQueaoea  o&aaot  ba  OKcluded 
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MetcJinikoff  *  himpelf  lias  accRpUsI  this  view  and  ascribed  to  the 
fixateur  In  gein^nil  nn  ailjiivant  rf^le  in  phagocytosis.  Later,  after 
Wright's  iiivestigatiocB  had  turned  the  discussion  to  the  opsoniii, 
there  were  endeavors  inaJe  to  di^monr^t rate  opsonins  for  blood 
corpuscles  in  speeiiic  hemolytic  sera.  Ltt  us  see  If  thi^;  was  justi- 
fiable. In  experimetits  with  an  exudate  of  macrophages  from  a 
rabbit  I  found  that  the  washed  leucocytes  took  up  very  actively 
bo™e  blood  corpuscles  which  Lad  first  been  Iroat^with  specific 
hemolj-tic  aensitiser  (inactivaterl  rabbit  >  bovine  eerum)  and 
then  with  alexin  (fresh  hoi'se  &erum)f  but  that  only  sensitized,  not 
Blexinized.  blood  corpu.'^les  were  taken  up  by  the  leucocytes  in 
less  degree-  Washed  untreated  blood  corpuscles  were  not  taken 
up  by  phagocytes.  I  repeatetl  tlR«e  observations  with  thrice- 
wasbcd  dog  leucocytes  in  the  foUowiog  manner: 

1p    LcuoDcytea- 

WuaJjetl   bo  viae   corpuscles. 

S&QjjitJied  boviae  corpueclcB^ 

S?n»iliz»i  ami  alfjtinixed  bovine  eorfUBclefl 
A.    LeucocytDA^ 

Bovtue  corpuscles  plua  ale^iin. 

Contact,  1  hour  at  37  degrees.  The  blood  of  2  anrl  3  was  washed 
after  eacb  prefwratory  treamimit  whb  salt  solution,  whereby  only 
those  conetituentH  of  the  scrum  vvliich  the  corjju.'icles  had  fixed 
could  develop  any  action,  and  all  tl^e  was  reniovwl.  The  experi- 
ment gave  the  result  tlmt  in  1  and  4  the  phagocytosis  is  about  nul 
In  2  it  is  fairly  strong,  whereas  in  3  there  is  hanily  s  macro-  or 
microphage  which  does  not  contain  one  or  more  blood  corpuscles. 
The  free  alexin  {4}  is  not  able,  thorcforoT  alone  to  htrinulate  plmgo- 
cj^ofiis,  whereas  it  is  able  when  the  specific  sensitizers  are  fixed  to 
bloal  corpuscles  to  increase  (3)  their  already  well-markwl  action  (2)> 

Similar  experiments  with  another  hemolytic  serum  [rabbit  > 
goat  and  goat  corpuscles)  gave  entirely  corrcfipondinp  results. 

I  have  not  yet  obsen'ed  a  Bpccific  serum  which  was  hemolytic 
but  not  hemotropie,  as  rc|>ort.ed  by  Neufeld  antl  Topfcr,f  Our 
results,  however,  show  a  ilistinct  similarity  with  the  finding  of 

•  Han-IK  iJer  Puthog,,  Mioroorg.,  Bd.  IV,  Tdl.  1. 
t  Ceut.  fur  Bokt,,  Bd,  XXXVllI,  p.  45a. 
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Levaditi*  on  bacterial  sera.  We  have  then  m  our  hemolytic  sera 
also  a  thermolGbUc  opsonin  which  becomes  fixed  to  the  blood  cells 
and  thuH  cauaee  phagocytoeis.  It  is  at  once  suggcfited  that  here 
the  opBonin  may  be  Pcgardcti  as  identical  with  the  epecitic  aensi- 
tizcr.  One  can»  ae  a  matter  of  fact,  accurately  remove  the  specific 
Beneitizcr  from  a  hemob'tic  senim  by  previously  treating  it  with 
the  corresponding  biood  corpuscles  and  then  prove  that  it  has  at 
the  fame  time  and  in  the  aamc  degree  lost  ita  opsonic  power  Thus 
WakcJin  Barrattf  in  his  experiments  on  the  q^iantitative  op;?oiiic 
absorption  by  blood  corpiisclca  from  an  inactivated  heraolytic 
Hcnim  worked  only  with  the  specific  sensitizers.  If  one  adds  a 
fresh  specific  serum  to  blood  corpuscles  or  bacteria,  a  combined 
lytic  and  opBonic  action  by  senHitizers  and  ale.tin  is  obtained,  as  in 
tubes  2  and  3  of  the  last  experiment. 

Let  us  return  for  a  moment  to  our  experiment  with  normal  serum. 
We  have  seen  that  the  opsonin  was  fi\ecl  by  specifiG  sensitizera 
with  the  alexin  and  was  also  destroyed  by  heat.  There  remmn, 
howe\er.  in  the  normal  sem  after  fixation  or  destruction  of  the 
o[)&oiiins  (alexiru'i)  almost  constantly  a  few  opsoriie  effects  (compare 
l^age  363j  tulles  2  and  5)  which  are  much  greater  in  the  sjiecific  sera* 
A^d  since  we  <lo  not  find  any  reason  for  assuming  tiiat  the  alexin 
in  the  nonual  s[?rum  becomes  fixed  to  the  bacteria  without  the  in- 
tervention of  sensitizers  we  have  to  assume,  that  the  opsonic 
action  either  of  normal  or  of  specific  sera  is  in  the  main  part 
a  eombinet.1  action  of  sensilizere  and  alexin.  In  nfjrmal  serum 
it  IS  causei.1  chiefly  by  the  alexin.  In  the  speeifie  serum  it  is 
increased  and  brought  about  chiefly  by  the  sensitizers.  1  concur^ 
tlierpfotT?,  with  Dean}  in  the  bi-lief  that  normal  as  well  as  specific 
opsonins  have  a  dualistic  complexity-^ 

*  C.  R.  Soc.  de  Biologie,  April  aad  Ma^,  1907. 

t  Pmc.  Ror  Soc,.  liWiflml  n>e7, 
I  Ppuc.  lioy.  floe..  1005  and  1007, 

(  &ec.  furiliLT,  my  JiaaerUilifni,  "  Phagocytoso  en  Opaonincn/'  Amaterdam, 
190St  vbere  t  etplain  more  fully  the  nature  aod  action  cf  the  c^^ranins. 


XXL    ALEXIN  ABSORPTION   AND  THE   ANTAGONISTIC 
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Bi   JULES   BORDET  AND   FREDERICK  l\   GAY, 

The  alexin  fixation  method  has  bi^cn  used  for  nifliiy  purposes. 
The  method  depends  od  the  factj  that  bacteria  or  retl  blood  cells 
when  treate*,!  with  a  suitable  aensitiKer  ac^quire  the  property  of  fixing 
alexin,  and  of  removing  it  from  the  surrounding  Ruid.  By  this 
method  it  was  shown  seven  yeare  agoj  that: 

(a)  Animals  vaccinated  against  bacteria  usually  produce  s|>ecifie 
sensitiaers^  whatever  be  tho  organism  employed, 

(fc)  And,  consequently,  although  many  bacteria  resist  bacterioly- 
sis by  specific  immune  serum  it  is  not  owing  to  a  lack  of  active 
substances  in  the  seruyn^  but  on  account  of  resistance  on  the  part 
of  the  bacteria- 

(c)  Fixation  of  alexin  in  the  presence  of  immune  serum  may  be 
used  06  a  means  of  diagnosing  l:>acteria  and  is  of  even  more  general 
appHcabillTy  than  is  agglutination,  for  a  sensitizing  action  is 
often  present  when  agghilination  is  al^ent, 

A  year  later  Gengou§  demonstrated  that  sensitizers  appear  after 
immunisation  with  substances  other  than  bacteria  and  corpusclee; 
he  found  that  the  serum  of  an  animal  immuniaeti  against  an  amor- 
phous albuminous  substance  (casein,  fii.irinogcn,  ahen  serum,  etc,) 
sensitizes  the  specific  substance  in  question,  and  so  endows  it  with 
the  property  of  absorbint;  alexin. 

The  subsequent  appiitations  of  this  method  and  tlic  technio 
employed  are  too  well  known  to  require  mention.  The  results 
obtained,  however,  may  be  considerably  affected  by  certain  f&ctors 

*  L'absorption  da  i'olex'me  et  le  pouvoir  antagoniste  diss  e&]iaiB  normaux. 
Amialea  dv  I'loBtitut  Piatcur,  XXII.  190S,  625. 

t  BurdirL,  tlecuolytic  sfva,  k\c.,  p.  ISO. 

%  Bordet  aad  Gen^ou,  The  etiatence  of  stiaaJtiiers  <slc.,  p.  217. 

i  GcDgou,  On  Ibe  seuBitiiers  of  eera  iLctivc  oguiDfit  &lbumiiiDUa  BubatAnci^ 
p   2i\. 
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that  have  not  always  been  a^  carefully  considered  aa  tbey  should 
have  been.  One  of  these  inHuences,  which  we  wiah  to  congidcr  in 
particular,  is  the  amount  of  normal  !%dt  solution  tbat  is  used  in  the 
mbcturea.  Variations  in  thb  factor  are  evi<ient  in  many  expt^ri- 
ments  on  hemolysis,  and  such  variations,  wc  believe,  explain  ctTitain 
phenomena  that  have  been  noted  by  PfeiPfer  anri  Fricilberger  and 
by  Sachs,  to  which  ihpy  have  irferrttl  as  the  antfigimistic  prcjjerty 
of  norirml  sora-  Saclis  offtra  a  nilhrr  compliuattti  evplnnaUon  of 
this  propiTty,  which,  a^  viv.  shall  Ialf*r  sci\  apiJfaia  la  u^  inrnrreet. 

When  fresh  normal  serum  (alexin)  i3  mixta.!  with  a  suitable  sen- 
sitizing serum  (healed  to  M  degret^)  anil  thi*  sul^tance  undi^r 
consideration,  usually  red  blood  cells  or  bacteria,  to  determine  alexin 
fixation,  the  cells  employeil  are  usually  atlded  as  a  suspension  in 
salt  solution.  Thi?  amount  of  this  solution^  however,  varieM;  in 
tlealing  willi  red  blooii  corpuscles  many  workers  use  a  eonsirlerable 
dilution,  htr  example,  a  5  per  cent  suspension,  aiul  a  relatively  large 
volume  of  this  susptinsion  is  therefore  employed. 

It  has  frequently  been  noteil  by  experimentera  that  hemolysis 
in  salt  Kolution  is  vevy  rapid.  A  given  quantity  of  corpu-^cles  is 
generally  hemolyzed  much  more  rapidly  by  a  given  dose  of  alexin 
aiul  sensitiiier  when  the  li^iuid  thai  ^erv^*^  as  a  medium  is  salt 
solution  than  when  it  is  normal,  and  suppos^ly  inert,  heated 
senim.*  On  comparing  normal  inert  serum  with  salt  solution,  we 
find  tliat  the  latter  favors  liemolysra,  or,  more  torrectly  sj>eakiiig, 
that  the  normal  serum  inhil^ts  liernolj'sis;  it  is  to  be  noted  that 
this  difference  is  very  marked  only  when  the  corjjuscles  are  not 
strongly  sensitized.  To  what  is  the  antagonistic  effect  due?  As 
both  PfeitTer  and  Friedberger  (l.iaeterinlj-s^is)  and  Sachs  have  shown, 
the  normal  serum  does  not  aet  by  weakening  the  sensitization;  nor 
directly  on  the  corpuseles  or  the  bacteria.  We  shall  presently 
consider  Sachs*  explanation,  which  Bup[>oses  that  the  serum  owe?? 
its  inhibiting  effect  to  the  presence  of  normal  amboceptors  that 

•  Mtlller  (Centnil.  fOr  Bakt..  XXX,  1901)  wbh,  we  believe,  the  firat  lu  note  this 
faot  in  particular  It  has  been  more  rocenti/  conKJdorixi  by  other  mveatigatora, 
And  in  particular  by  M«ir  and  Browning  {Jour,  oF  Hypicne,  VI,  1000),  and  by 
Liebermann  aad  Feoivusay  (Petera.  M^dic.  Chirug.  Pre*Hea,  1907),  etc,  We  have 
already  TueatioDcd  [nee  p.  ^U'irl  Kleia's  r^iearches  and  our  awn  on  horsa  eerumi 
in  which  it  waa  shc>^^n  that  ale^iiD  is  better  abfiorbeJ  by  corpLUclcs  when  aall 
HoEution  h  precept. 
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monopolize  the  alexin.  As  Muir  and  Browning  have  correctly 
stated,  the  senna  is  antagonistic  because  it  prevents  the  fixation  ol 
the  alexin  on  the  senaitizeil  cells,  and  this  antagonism  is  overcome 
only  when  the  avidity  of  the  cells  for  the  alexin  is  very  n^arked. 
namely,  when  the  tells  are  strongly  sensitized  or  when  the  absorp- 
tion of  alexin  is  favored  by  the  addition  of  salt  solution. 

Sachs'  experiment,  whidi  deiils  with  the  anlagnnistic  action  of 
normal  rabbit  senini  against  the  itemfil>"si3  cf  iMJviiif  rorpuscles 
trfat{>l  with  a  small  amnunt  of  spfisitizer  (the  scrum  of  a  rabbit 
immunizoil  against  bovine  blood)  in  the  presence  of  alexin  (fresh 
guinea-pig  Permn)  is  a  sditable  one  for  the  study  that  concf>ms  us. 
It  will  be  well  to  consider  our  ex|«?nnient  somewhat  in  detail  in 
order  to  deal  with  Sachs'  explanation  of  a  similar  experiment  in 
which  nonnsvl  i"abbit  serum  was  ako  employed.*  The  following 
experiment  shows  that  moderately  s:nsitiae<i  corpuseh*s  are  hemo- 
lyzL^l  by  alexin  if  the  me<liuni  in  wliieii  they  are  sasjx'ndal  eontuins 
a  relatively  large  amount  of  sjilt  solution^  whereas  they  remain  intact 
or  are  affectetl  only  very  slowly,  if  the  surrounding  fluid  contains 
less  salt  solution  and  a  correspondingly  increased  amount  of  nomial 
rabbit  acnim  (heated  to  56  degrees). 

Tul»e  A  contains  fl.fi  cf  a  cubic  centimeter  of  physiological  solu- 
tion (NaCI,  0.9  per  cent):  Tube  B^  0.3  of  a  eubic  centimeter  of  salt 
eolation  plus  0.3  of  a  cubic  centimeter  of  normal  rabbit  senim 
[56  degrees  for  one-half  hour).  To  each  tube  is  aikled  0,05  of  a 
cubic  centimeter  of  alexin  (fresh  normal  guinea-piR  senmi)  and  0.3 
of  a  cubic  centimeter  of  salt  solution  containing  10  per  cent  of 
ino<Lleralely  sensitized  bovine  blood. t 

Tubes  A  and  Bare  placed  in  a  thermostat  (35  degrees),     Hemoly- 

*  IlAbl)iln«rum  '\a  Msed.as  it  ia  only  faiiitly  si^nsiliiing  for  ot  forpiiscles.  Itia 
evident  tbdt  if  iLu  nurnuJ  fl<!riun  hos  a  di^tmct  M^i;sjLU[Dg  ciTcct  on  th?  coi-pLiscii?s 
itinier  cunsiderallon  il  caaaot  be  cimaiderod  aa  an  jni?rl  inpdium,  TtiL'ortlicdly 
thtri?  is  perhaps  no  ahflolutdy  inert  sefum,  hut  it«  sensithing  effect  un  a  gitfen 
biLctcnaal  or  alien  red  blood  csM  is  frcqUE^iitly  ao  alight  ad  to  bti  iitLporceptibIti,  aa 
ia  ibe  nue  in  the  tireairiit  inaUiLict^- 

t  Thb  blood  is  prep[irc(l  as  follows"  To  1  c.c.  of  bovine  bloo.1  (pri!\-]0usly 
wasbcd  lo  rcmuvc  all  Bcrnm)  ii?  ftdde<l  3  c.c.  of  ealt  solucifm,  and  '>,1  of  a  cubic 
Miiliiuttur  o(  «nam  [5C  degrecsl  from  a  rabbil  immunht-J  againflt  boviijc  blood- 
Afler  shaking  and  allnvrng  caniBiGt  for  '2ti  minult^  the  tub«  in  centrifugal iz^  and 
lUc  fiupcrnalant  fluid  removed^  To  (he  fieduceot  of  oorpuscloij  10  0^0>  of  B&h 
Gtjlution  13  IbcQ  adJt^l, 
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gis  is  poniplpte  in  A  in  half  an  hour.  Tht'  corpuscles  in  B  are 
intact  after  3  hours;  slight  hemolysis  subsequently  takes  place. 
It  is  acareely  necessary  to  mention  that  control  tubes  A  T  and 
B  T,  identical  with  A  and  B  respectively,  but  containing  non- 
sensitized  bovine  blood,  are  likewise  prepared;  in  these  mixtures 
there  is  no  hemoly^s. 

It  is  evident,  then,  that  a  small  amount  of  normal  eerum  inhibits 
hemolysis  distinctly;  further  espenments  show  that  this  anta^o- 
nietic  effect  varies  in  Intensity  with  the  iocrefiGe  of  heated  normal 
serum  and  the  decreaso  of  salt  solution. 

The  question  arises  as  to  how  intcnae  this  anlauonifrtic  power  in 
normal  semm  is.  We  <!aii  also  determine  wliether  nonnal  serum 
combats  one  or  both  the  Tactore  of  hemolysis  (alexin  and  sensitizer). 
Wc  find  that  thcs^rum  shoe's  a  relatively  retarding  effect  on  alexin 
even  if  the  dose  of  it  is  relatively  high.    For  esamplc: 

Mixture  A  contains:  0.0  c.c.  ofsalt  solutionj*  0.05  c, c.  guinea-pig 
alexin,  and  0.2  c.u.  of  salt  solution  containing  -10  pt-r  cent  of  scn- 
aitizcd  bovine  blood. t  Mixture  B  contains  the  same  amount 
of  bloo^i  and  twice  as  much  alexin,  but  O.G  c.c.  of  normal  rabbit 
scrum,  56  degrees,  in  place  of  the  salt  solution.  Hcniolyais  is  roorc 
rapid  in  A  than  in  B, 

When  corpuscles  are  heavily  sensiliBcd,  however,  the  antihemo- 
lytic  effect  of  normal  serum  (56  degrees)  is  less  evident,  although 
still  distinct.  In  the  following  experiment  even  small  doses  of 
serum  show  distinct  effects: 

Tubes  A  and  C.     Each  07  c.c.  of  salt  solution. 

Tubes  B  and  D.  Each  0.4  c.c.  of  salt  solution  plus  0.3  c.c.  of 
heatett  normal  rabbit  serurap 

To  A  and  B  is  then  a<Uleil  0.25  c-c.  of  salt  solution  containing 
40  per  cent  faintly  sensitized  ox  blood  (1  part  of  rabbit  anti- 
bovine  sensitizer  to  10  parts  of  blorxl);  to  tubes  C  and  D  is  arUeil 
the  same  amount  of  blood  sensitized  with  three  times  as  much 
sensitiaier.  To  each  of  the  four  tubes  is  then  abided  0.05  c.c.  of 
gulnea-jiig  alexin  and  the  tubes  are  placed  at  3.'>  degrees.     ITemoly- 

*  Id  tb«Be  Fjcpcrimetits  0.9  per  c^nt  NaCl  is  wtcd. 

f  Thia  bJood  ia  relo-ttvely  w?])  BenfhLlLKE>d  anil  \a  prepare]  oa  faMove:  Ta  I  C-C. 
of  washed  blood  \e  oddc^  9  o^c,  oE  eoli  soIlhiod  i^ad  0-5  c.c-  of  r!L]>bit-iinl[ bovine 
Htfrum,  50  degreed,  Conlact,  1  tiour,  Cenlriruealizatign  aud  ri^mctval  of  ibe 
supem&t&nt  fluid.    25  c.c-  of  s&lt  aoLutlon  Is  added  to  the  fledimeaL- 
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fiis  ia  coQiplete  m  C  in  12  minutes,  ami  in  A  in  3.'3  minutes.     In  D 
htjraolysis  is  complete  in  1  liour.     B  is  iiul  hemolyjied. 

To  what  is  the  inhibiting  effect  of  normal  senim  due?  It  may 
easily  be  shown  that  the  serum  dir^s  not  act  by  suppressing  the  sen- 
sitiKation  of  the  corpuscles.  This  has  been  denionstrattsj-  by  our 
preilecefisors  by  the  following  simple  experiment:  In  s,  mixture  of 
niodemtely  aciLsiti/wl  nx  corpuscles,  hrated  nornml  s<.'rum  and 
guinea-pit;  Jilcxin  thej^?  is  no  hpuwlysis  owing  to  thu  antagonistic 
power  of  the  normal  strum.  On  sut«E!(|Ucnt  i!entrirugahaation  and 
decantation,  hnwevt-r,  the  addition  of  salt  soluTion  corilalning  a 
trace  of  alexin  causes  hemolysis,  which  shows  that  the  corpuscles 
have  retained  their  sensitizalion. 

This  result  also  shows  that  heated  normal  serum  does  not  directly 
render  the  corpuscles  refractory  to  hemolysis.  One  might  Eup]x>se 
that  such  a  scrum  contains  *' complenientoids "  that  satisfy  the 
affinities  of  the  sensitized  corpuscle  and  hinder  the  subsequent 
fixation  of  active  alexin.  The  preceding  exjieriment  would,  how- 
evefj  invalidate  this  supposition. 

The  normal  Benim,  in  addition  to  having  no  effect  on  the  sensiti- 
zation of  the  corpuscle,  lias  also  no  neutralizing  effect  on  the  alexin. 
It  does,  however,  oppose  tho  fixat  ion  of  the  alexin  on  the  sensitized 
corpuscles,  and  this  explains  the  lack  of  hemolj-sis. 

The  proof  that  normal  Bcrum  does  not  alter  the  alexin  is  given  by 
the  fact  that  hemolysis  can  be  iiroduce<l  in  an  inbibitetl  mixture  of  nor- 
mal serum,  alexin  and  seut^itized  eor]>uscies  by  adding  salt  solution; 
in  otherwords,  as  already  stated,  the  opposition  to  hcmolyeiB  depends 
on  the  concentration  of  norma!  Bcnini.  Muirand  Browning  hi  study- 
ing this  fact  have  clearly  sho\^^l  that  the  alexin  is  not  fixed  on  the 
corpuscles  during  the  first  phase  of  the  ex|icrimcnt ,  when  the  mixture 
contains  much  serum  and  little  salt  solution,  but  is  absorbed  only 
on  the  addition  of  the  saline  solution.  Similar  results  are  ol'rtaincd 
if,  aswc  have  performed  the  experiment,  corpuscles  before  dilution 
in  salt  solution  arc  sufficiently  sensitized  to  produce  their  dissolu- 
tion. Much  an  hemolysis,  to  be  sure,  naturally  brings  about  an 
absorption  of  alexin,  which,  howD%'cr,  is  only  partial  if  suitable 
amounts  are  used  and  the  sensitization  is  not  too  great;  such  ab- 
Borption  always  remains  less  tlmn  when  sail  solution  is  added. 

*** 
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What  ideas  concerning  tiie  morle  of  u»ion  i>f  the  alexin  with  sen- 
^ti^ed  corijuscles  are  suggesttd  by  these  facts?  Oue  of  us*  lias 
already  expre'fised  the  opiuton  that  this  Qxal'ron  of  alesdn  is  not  a 
chemical  combination,  strictly  speaking,  between  the  alexin  and  a 
particular  group  of  the  scnBitizer  (complenieotophilic  grouiJ  of  the 
aniboceplorjaccordu^to  Ehr]ich).but  represents  simply  a  phenom- 
enon of  molecular  atihesion  (adsorption).  This  point  of  view  was 
still  fuither  elaborated  in  IWtGf  by  the  authors  of  the  proFH.-nt 
article.  We  regard  the  union  of  the  sensitizer  and  red  blood  cells  aa 
constituting  a  complex  with  more  adsorption  avidity  for  the  alexin 
than  tlie  normal  corpuscle;  the  alexin  tends  to  precipitate  on  the 
senfiitizetl  corpuscle,  the  alteration  of  which  is  the  more  marked 
the  greater  the  sensitization,  How^  from  this  standpoint,  does 
the  inhibiting  serum  act?  It  would  seem  to  us  that  it  holds  the 
alexin  in  a  state  of  more  or  less  definite  suspension  in  the  medium, 
anrl  gives  it  a  more  stable  equilibrium;  with  salt  solution,  on  the 
other  hand,  the  cquiUbrium  is  more  unstable,  that  is  to  say,  the 
alexin  condenses  or  precipitates  more  readily  on  those  ceila  that 
attract  it. 

This  idea  eeems  to  us  to  be  in  harmony  with  the  obacrvationa 
of  Gengou  on  coUoiiJs  and  eusponeions  of  inorganic  precipitates. 
Uengout  found  that  if  washcil  red  bloo<J  corpusch^e  are  ad<led  to 
Bait  solution  containing  suchan  inert  inorganic  precipitate  as  barium 
sulphate  in  suspension,  the  cells  and  the  precipitate  clump  and 
hemolysis  occurs.  But  if  a  trace  of  scrum  is  previously  addeti 
to  the  precipitate,  this  phenomenon  of  agglutination  and  hemolysis 
does  not  occur.  It  was  found  that  scrum  causes  a  dissociation  of 
the  particles  of  barium  sulphate  and  gives  it  a  milky  appearance 
which  delaya  the  clarihcation  of  the  fluid  by  sedimentation.  Anrl 
serum,  then,  inhibits  the  precipitation  of  alexin  on  the  corpuscles 
just  as  it  prevents  the  sedimentation  of  barium  sulphate. 

Citrate  of  sodium  produces  an  effect  on  barium  sulphate  5imilar 
to  the  one  caused  by  serum,  and  also  changes  it  into  a  milky  fluid 
and,  as  Gengou  has  found,  deprives  it  of  its  property  of  aggluthiat- 
icg  and  beraolyzing  red  blooii  cells.  And  there  ie  a  slill  further 
analogy,  in  respect  to  the  citrate,  betwec^n  the  precipitation  of 

♦  Bordet,  Hemolytic  sera,  p.  lyfl,  &od  CTtolytic  beki,  p,  228- 
t  Botdtt  an  J  Gay,  Oq  the  rolalioo  of  ceiiaiLiacrrA,  etc.,  p,  363. 
t  GcJieou,  Reaearchcfi  od  tlie  a^lutiouCitja  of  icd  bIcMHl  cellSn  otcs.,  p.  312. 
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barium  sulphate  on  corpuscles,  and  the  fixation  of  alexin  on  sensi- 
tized cells.  We  have  found  that  so^iiuni  citrate  in  suitable  doses 
wiU  protect  red  blood  cells  from  hemolytic  sera,  and  it  niay  further 
be  shown  that  it  acts  by  preventing  the  fixation  of  the  alexin  on 
the  sensitizer!  cells  *  The  analogy  between  barium  sulphate  and 
alexin  is  evidently  suggestive. 

The  fdlowtng  e'c|M!nuient  may  be  cited  as  ofi'ering  an  aderjuate 
though  somewhat  homely  comparison  a.s  to  tlie  mode  of  union  of 
the  alexin  with  sensitiKcd  corpuscles:  Water  rolls  over  the  surface 
of  a  watch  gta^s  covered  with  paraffin  without  ailhering  to  it.  If 
the  water  contains  barium  sulphate  in  susppnsion,  the  paraffin 
becomes  wet  in  a  few  minutes  and  the  lirop  sfireada  out  over  the 
surface,  owing  to  the  fact  tlmt  the  surface  Ls  cnveretl,  by  molecular 
adhcAifin,  with  a  thin  while  stratum  of  bjirimn  Mjlphale.  This 
stratum  is  wet  by  water  and  will  even  resist  ria'^iiig,  Ix^ing  remov- 
able only  by  friction.  But  if  we  use  intead  a  suspension  of  barium 
sulpiiate  that  has  l)een  rendered  milky  by  citrate,  no  such  phen- 
omenon occiiis;  under  such  conditions  the  sulphate  fails  to 
cover  the  paraffin  and  the  surface  does  not  wet.  In  other  words, 
the  citrate  prevents  the  precipitation  of  the  sulphate  on  pai^ffin 
just  as  it  does  the  precipitation  of  alexin  on  sensitized  corpuscles. 

We  shall  not  coTisider  the  meclianisni  of  tliia  phenomenon  at 
this  point  nor  insist  on  the  properties  of  the  citrate  in  hemolysis, 
as  these  subjects  liave  already  been  studied  In  detail  by  Geugout 
in  our  Institute. 

There  are  certain  pertinent  eonsiderations  that  occur  In  this 
connection  ajiplicablc  to  the  methods  based  on  absorption  of  alexin, 
and  in  a  general  way  of  service  m  studies  on  hemolyaiB  and  bacte- 
riolysis. 

In  the  first  place  the  facilitating  effect  of  a  large  amount  of  salt 
solution  on  alexin  fixation  should  never  he  lost  sight  of.     The 

•  After  pnivUig  that  ppnsitUwi  lilcxxl  corpuarles  remain  intact  m  a  miiciure 
oF  citrate  and  oLexm,  it  may  Bubs«r|ueiitly  bo  ilnmonstratiyl,  afior  centrifuge  iaa- 
tioa,  that  the  aupprtnitant  rtuiil  still  coctaios  alnio  and  ia  able  Lo  heimjt/ic  new 
s^nHLtixNl  rorpu^]?^;  for  thin  purpose  a  little  c^tleium  rhhride  U  adiW  to  n»^ 
tnklifle  the  eilmte.  Control  tulxs  show  thut  a  fixation  oE  qIckIq  does  take  pUhd 
vbca  no  cLlT^te  i»  uililol- 

t  Sevi^ra]  ohaervaiiona,  partjcuiarly  as  K^jtnls  hemolysis  by  ^1  serum  anrl  hy 
renoiu,  ^mvc  boon  published  by  Geagou  ia  the  BLilltjtin  de  Itt  SocJiStf  do  BioLugu 
(1W7).     Secabop.  414. 
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experimental  method  employed  to  demonstrate  alexin  fixatioa 
consists,  as  we  know,  of  two  phases:  In  the  first  phase  the  alexia 
is  placed  in  contact  with  such  cells  aa  bacteria  plus  a  aenim  "A" 
that  is  capable  (or  supposedly  capable)  of  sensitizing  these  cells, 
tliat  is  to  say,  oF  conferring  on  them  the  property  of  fixing  alesin- 
In  the  second  phase  one  determines,  by  adding  sensitized  blood 
corpuscles,  whether  Ihe  alexin  has  iHsappeared  from  thft  fluid  or 
remaiiiEd  free  in  it;  in  the  latter  Instance  the  fixation  takes  place. not 
during  the  first  phase  (on  the  bacteria) .  but  during  the  second  phase 
[on  the  corpuaeles).  As  a  result^  hemolysis  occurs,  and  the  conclu- 
sion is  that  senun  "A"  is  not  sensitizing,  or,  at  best,  only  slightly  so. 
But  it  is  evident  tliat^  for  espcrimenta]  accuracy,  the  two  phases  of 
the  experiment  should  be  comparable  in  respect  to  the  facilily  for 
alexin  absorption.  As  we  have  seen,ftTi  excess  of  sr-mm  inhibits 
fixation  and  an  excess  of  salt  solution  favors  it;  the  effort,  then, 
should  be  to  maintain  a  constant  proportion  betweeji  salt  solution 
and  serum  during  the  entire  exix^riment.  The  sensitized  corpuscles 
finally  introduced  are  suspended  in  salt  solution;  it  is  evidently 
better  to  add  the  number  of  corpuscles  desired,  not  by  employing 
a  large  volume  (Ic.c-,  for  exam  pie)  of  a  weak  suspension  of  corpuscles, 
but  a  small  volume  of  a  thick  suspension  (0.1  c.a,  for  example). 
If,  for  example,  the  first  mixture  is:  alexin,  0,1  c.c.^  plus  bacterial 
suspension  0,3  cc,  and  0.3  orO-5  c.c  of  the  serum  in  which  the  pres- 
ence of  al^acterial  sensitizer  is  to  be  determineil.thefixationof  alexin 
on  the  bacteria  will  be  oppose<l  by  the  large  proportion  of  serum 
in  the  miKlure  and  may  be  complete  only  in  case  the  sensitizer  is 
very  strong.  If  much  salt  solution  is  added  with  the  red  blood 
corpuscles,  the  antagonistic  effect  is  removed  and  a  most  minute 
trace  of  free  alexin  will  produce  hemolysis.  And  as  the  antimicrobial 
sensitizer  has  been  handicapped  by  the  hemolytic  sensitizer  it  may 
easily  escape  detection.  Or,  indcetl  {and  this  error  would  seem  to  ua 
to  have  been  committed),*  one  might  conclude  that  the  alexin  fixed 
by  a  given  cell  (bacterium^  for  instunce)  is  not  identical  with  the  one 
fixed  by  a  different  cell  (corpuBcle)^  and  might  be  ietl  to  agree  with 
thecrroneous  hypothesis  that  the  bacteriolytic  alexindilfcra  Ironithe 

*  W«  think  that  certain  Qxp«rimeiita  of  Moreschi  that  aMm  to  iDdicate  & 

plurality  ot  akxina  arc  upen  lo  crilbiam  from  ihia  standpoinL.  (Berlio  klin, 
Wnrtien..  \W}7.  1200):  llti^  Juvratigati^  uj^ually  emitEuya  u  large  vulume  of  soJt 
fiolueioa  io  which  to  auspend  his  Hbaitieod  eorpusdes  {I  c.C-l, 
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hemolytic  alexin.  The  numerous  and  varioil  applications  of  tbi3 
metboil  invariably  show  that  the  corpuscles  use?d  as  an  indicator  of 
alexin  fixation  remain  intact,  whatever  be  thp  sensitizeil  cells  cm- 
ploy«i  inlhe  firat  phasrof  thcexperiment.provide*.!  t  he  sensitizer  em- 
ployed is  sufficiently  strong  an  J  the  precautions  mentioned  aretaken 
in  regard  to  the  volume  of  salt  aclution.  In  a  corresponding  manner 
account  should  b?  taken  of  the  respective  potency  of  the  two  seu- 
aitizi-ra  which  are  successively  used;  m  respect  to  the  fixation  of  a 
given  alexin.  If  the  first  is  not  very  powerful  and  docs  not  remove 
the  last  traeesof  alexin  »the  met  bod  maygive  very  varying  reauhs,  de- 
pendingonwhHfuT  the  corpuseh'a  used  Bsan  indicator  are nK>deratt^ly 
or  strongly  s^'usitiae^l.  for  the  tracts  of  alt*\in  may  be  sufiiL-ient  to 
produce  hemolj'aiain  the  latti^r  rase,  whorejiB  in  the  former  instance, 
owing  to  an  antagonistic  effect  of  the  Rcnim  which  tends  to  dis- 
seminate the  alexin,  tliey  may  not.  Two  opposing  forces  of  vari- 
able energy  tend  to  take  hold  of  the  alexin  and  the  result  (le^wnda 
on  the  eriuilibrium  r-^tahlished  between  them.  With  this  idea  in 
mind  it  is  easy  to  show  that,  following  contact  with  a  lar^e 
number  of  moderately  sensitized  corpuscles,  a  fluid  containing 
alexin  may  HubsiH]uently  act  on  similar  corpuscles  as  if  no  active 
6ul»lanL:e  were  present,  but,  on  more  highly  sensitizeil  corpuscles  of 
thesames[x.'eies,  aw  if  wlill  present.  It  will  scarcely  be  claimed  that 
the  alexin  uwd  up  by  h  feeble  sensitization  differs  from  the  one  taken 
by  a  greater  suTtsili  nation.  Such,  however,  is  api>arcntly  the  con- 
clusion of  llemy  *  This  investigator  mixes  sE*nshized  typhoid 
bacilli  with  bis  alexin  and  fin<Js  that  subsequently  added  cor- 
pusek'S  remain  inlact  when  sensitized  by  a  serum  of  moderate 
activity,  whereas  they  are  destroyetl  if  the  serum  with  which  they 
have  been  trE>ated  is  \ery  powerful;  from  this  he  concludes  that 
the  bacteriolytic  alexin  differs  from  the  hemolytic  alexin.  He 
might  etiuolly  well  have  concluded  that  there  is  an  alexin  partic- 
ularly adapted  for  heavily  smaitized  corpuscles,  since  auch  cor- 
puBcles  are  hemolysed  in  a  fluid  in  which  the  same  corpueelea, 
more  weakly  eensitizetl^  remain  intact-  In  fact,  Remy  hae  usotl  a 
hcmolylie  scrum  that  h^  a  higher  sensitizixig  power  than  Jiis  anti- 
typhoid serum, 

■  C'oatribulion  A  1'^ludc  tle^  substaace>4  flftivea  du  at^nim.     Bull,  de  L^Acadtoiw 
de  MiMccbe  dc  Bclgique,  1Q03. 
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Similar  instances  have  been  met  witli  in  the  studies  on  whoaping- 
Cfjugh  iiiaiie  by  (me  of  us  with  Gengcm.  The  sera  of  three  chilciren — 
a  brother  and  two  aisteiB  —  suffering  fruin  the  disease  were  testeil 
on  tlip  same  liay  and  in  i\ic  siiiue  amounts;  as  a  gcnt.'ral  thing  we 
used  liighly  seriHiLized  eorpUKcles  to  test  fur  ah'xiti  fixaiinii.  In  ihe 
control  containing  nnrmal  human  fierum,  alexin  and  bat^teria, 
bemnlvsls  appeared  in  a  few  minutes:  it  took  one-half  hour  and  one 
hour  respectively  in  tubes  containing  sera  of  two  of  ihechikireniwith 
the  thiP:!  serum  there  was  no  hemolysis.  The  three  whoop  In  g-coujih 
sera,  then,  were  uneciually  Bctive,  and  il  was  found  that  the  most 
active  came  from  the  child  that  fin^t  fell  ill  and  was  then  convalei^- 
centj  while  the  weakest  was  from  the  one  that  Vvas  last  taken  with 
tbe  disease  and  still  showed  marked  eymptoras.  The  result  is  quite 
natural,  but  if  the  yonsitiaing  ijower  were  only  moderate  even  in 
recovered  children  one  might  wrongfully  be  led  tn  the  conclusion 
that  the  alexin  that  afTects  the  whooping-cough  bacillus  differs  from 
the  hemolytic  alexin. 

As  a  matter  of  fact  the  method  is  very  exact  only  in  the  demon- 
Gtration  of  powerful  sensitizers,*^  and  is  not  applicable  for  the  ac- 
curate titration  of  the  activity  of  antimicrobial  sera,  or,  at  least, 
cannot  be  compared  in  exactitude  to  Ehrlich's  metho<ls  employed 
in  moafiuring  the  potency  of  aotitoxins. 

And  indeed  the  originators  of  the  metliotl  rGcommendcd  it 
rather  for  the  qualitative  study  of  eera  than  for  a  quantitative 
evaluation  of  their  activity. 

The  researches  of  Pfciffcr  and  Friedbergcr-f  and  of  Sachet  con- 
cerning the  antagonistic  properties  (an ti bacteriolytic  or  autihe- 
molyttc)  of  nurmal  eera  may  udw  be  considered, 

A  few  data  in  hemol>'sis  will  simplify  the  matter  in  hand.     A 

*  Tt  uijutburpriiiiii^.  Uien.  itiHl  in  Mortsdij'HvxperitiifniH  (Berlin,  tliti.  Wwb.. 
1906^  p^  ]2}4}  Ihfl  mtiEbod  failod  to  demonBtrnte  aen^itizing  properlisfi  in  Ilic 
Krum  of  a  Enaii  who  bad  roceLVEJ  a  aiagle  inJectioD  of  kUled  tyhoid  bacilli  a  lew 
days  prvviouHly. 

t  rieiffer  ucu  Friedbergpr,  Doulscbe  m&l.  Woch,.  1905,  Nos.  1  and  20;  Cen- 
tralblatt  f.  3akt..  XU.  1lH>3. 

I  QachB.  Duutdche  iiUKlivia,  Woctieu.,  1902,  No.  18;  Ctintrulbbit  f.  Bukl,, 
XL,  tSU6, 
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eenim,  whether  normal  or  imToune,  may  be  endowed  with  sensitiaing 
power  for  cert^n  corpuscles  and  consequently  may,  id  their  presence, 
produce  alexin  fixation,  alt  ho  ugh  as  serum  it  tends  simply  to  inhibit 
such  ft  fixation.  These  two  forces  in  Ihe  same  Bcnim  oppose  one 
another  and  the  antagonistic  property  will  be  the  more  cvideat 
the  weaker  the  sensitizing  property.  Uniicr  aiicL  conditions  it 
might  well  happen  that  there  would  be  no  hemolysis,  in  other 
wonb,  it  might  appear  as  If  no  sensiliser  were  present,  ISo,  for 
example*  it  is  generally  considered  that  normal  rabbit  serum  l56 
degrees)  docs  not  sensitize  bovine  corpuscles;  in  a  mixture  of 
bovine  corpuscles  (0.05  c.c),  heated  rabbit  serum  (0.5  cc).  and  & 
little  guinea-pig  alexin  (0.1  cc)  there  is  indeed  no  heranlysis.  But 
if  the  corpuscles  are  first  subjected  to  rabbit  serum,  then  centri- 
fugaliinl,  the  aupernstant  fluid  dt^anteii,  and  an  equal  amount 
of  nonnal  ^-alt  snhition  a(Me*l,  fnllowwl  by  alexin.'*'  we  find  that 
slow  but  complete  hemolysis  takes  plaee.  Normal  rabbit  serum, 
then,  is  sen^iLiziog  for  bovine  corpuselen,  although  wealdy  so. 

Converaely,  when  corpuscles  that  are  strongly  sensitised  by  this 
serum  are  chosen,  as  Sachs  lias  done,t  there  is  no  danger  of  losing 
sight  of  the  anlagrjuistie  property.  It  is  fouiwlj  for  example,  that 
uonnal  rabbit  serum  sensitises  goat  corpuscUs  strongly.  We  mix 
Q.G  cc.  of  rabUt  serum  [^\  ilegrees)  with  0."2  e.c.  of  salt  solution, 
containing  25  {Xt  cent  of  washed  goat  blood;  half  an  hour 
latL-r  0.05  c-c.  of  fresh  guinea-pig  serum  is  a^ldeii,  Hemol_v'ais  is 
nearly  complete  in  one  and  a  half  hours  at  37  degrees,  whereas 
in  a  control  with  salt  solution  replacing  the  rabbit  serum  there 
is  no  hemtilysis. 

In  this  Cftse  lln_'  antagonistic  property,  although  present,  Is  con- 
cealed. Although  it  fails  to  prevent  hemolysis,  it  does  retard  it 
notably.  If  we  make  a  mixture  of  goat  blood  find  rabbit  serum  like 
the  preceding  and,  after  contact,  centrifugalize,  remove  the  serum, 
and  replace  it  with  salt  solution,  wc  find  that  the  addition  of  alexin 
will  proiiuce  a  much  more  rapid  hemolysis;  it  ie  complete,  indeed, 
in  from  15  to  20minuit>s.  By  removing  the  serum  we  have  eliminated 
the  antagonistic  property  and  hemolj'sis  is  accelerated.     As  is  ovi- 

*  A  FODtrol  imnadifBttheflfiriQtinie  with  corpu«r1es  tbiit  haveaot  beeatreKt«d 
with  r&bHit  HTUtD  to  vtich  salt  eolutkui  nod  alexin  are  adilcd. 

t  Aitalogous  reautU  liuvu  btxn  obLaioisJ  iu  UM^leriulyBia  bj  Ffeifer  and 
FriftUierger. 
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denced  by  this  cxpcrimcat,  the  dntasoniatic  property  inhibits  the 
heraolyi^ia  produced  by  a  normal  acn:4itiBer,* 

Although  the  antagonistic  power  prevents  hemoiyats  in  a  mixture 
of  bovine  corpuscles,  nonnal  rabbit  serum,  56  degrte?,  and  guinea- 
pig  alexin,  because  the  serum  is  only  faintly  scnsitiKing  for  the 
corpusclea.  there  is  no  inhibition  when  goat  corpuscles  are  used,  be- 
cause they  are  powerfully  sensitized  by  the  rabbit  serum-  In  the 
latter  caj^e,  as  we  have  just  seen,  Ihe  antagonistic  property  simply 
retards  hemolysis.  This  effect  may  be  shown  in  another  way,  as 
is  evidenced  by  the  experiments  of  Pfeiffer  and  Friedbcrger  and  of 
Saehs,  In  their  experiments  the  piripcrty  that  ffppc^^cs  th<^  nnlag* 
onistic  property,  namely,  the  sensitizer,  is  removeil.  After  trealing 
normal  rabbit  serum  (50  degree^}  with  a  sufficient  amount  of  goat 
coqiuscles  we  have  a  fluid  that  is  no  longer  sensitizing,  but  purely 
arjtagomstic :  it  will  therefore  protect  moderately  sensitized  goat 
cor[iuscles  From  hemoly.sis. 

If  the  ftensitker  (whether  in  an  immune  serum  or  nomjal  serum) 
is  too  strong, the  antagonistic  property  will  beoven^ome  mid  hernoly- 
Bis  take  place.  The  origin  of  the  sensitizer  Is  immaterial^  but  ita 
strength  is  all-important. 

This  fact  is  tjuite  conceivable  in  view  of  the  fact  that  the  sensitizer 
doe.s  not  unite  directly  with  the  alexin.  It  is  the  sensitized  cor* 
puscle  that  unites  with  (he  alexin,  and  the  greater  the  sensitization 
the  belter  this  union,  Tlie  union  with  the  sensitizer  changes  the 
properties  of  molecular  adhesion  in  the  corpuscle  so  that  its  avidity 
for  the  alexin  is  incroase^l ;  iu  a  similar  manner  the  action  of  agglu- 
tinins on  bacteria  is  to  increase  thdr  reaction  to  the  clumping 
effect  of  electroly  tea.  Any  result  produced  by  the  sensitizer  depends, 
not  on  its  proper  nature,  but  on  its  effect- 

*  This  ftTtiagnnifltlc  efTect  \a  no  distinct  dmi  gnat  corpuMlefl  that  have  been 
acDEilizud  b^  a  sicatt  do9e  of  rabbit  flerum  and  then  suBpsnded  ld  bhH  aolutioD  nro 
hemolyEed  by  alexia  more  rapidly  than  the  curpii^lca  denaitued  b}-  i*\ce  as  miicli 
»(pn]ia  when  kept  iti  Cli[9  serum.  For  eicmple:  ia  each  or  fuur  lubes  ts  placed 
0.05  c.c,  of  goal  blood:  lo  A  and  B  ia  added  0,4  a.c  of  Qormal  rabbit  eorum, 
56  dcf^rec^  tLnd  to  L'  and  D  0.2  z.C  o(  tWt  aame  serum.  After  2  bctura'  conUict 
A  and  (.'  are  centrifuguliipil.  the  supernatant  fluids  removed  and  0.4  and  0  2  c.c. 
of  ^It  aolutioQ  ndiicd  to  the  sedimeutd  ia  A  and  C  reepcctivcLy.  To  each  of  tba 
four  tjbes  is  then  added  0,1  c.c.  vf  KniofU'pie  uWia.  nciiKjlyr^iB  la  co[iipleLe  in 
A  111  1^  miniitea^  in  C  in  a  half  hour,  ia  B  in  .^0  miauLes,  and  in  D  in  a  little  over 
ao  botir. 
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Tills,  to  be  sure,  is  nut  the  opinion  of  Saclia,  who  believes  that 
there  Is  Inhibition  Lo  hemolysis  when  »  spedfic  serum  is  used,  and 
not  when  a  nortnal  sensitizer  like  normal  rabbit  serum  is  employed* 
In  hannony  with  Ehrllch's  theory  Sacljs  conaidera  that  normal 
sensiti-iers  possess  a  complement ophilic  ami  that  is  very  avid  of 
ale]dD  (complement) ;  even  more  so  itideed,thanis  the  corresponding 
arm  in  an  immune  senKitizer.  When  acted  on  by  a  normal  sensiti- 
zer the  corpuscles  easily  fix  alexin  even  in  presence  of  an  excess  of 
normal  scnim.  But  since  a  normal  serum  contains  several  normal 
sensitizers  (Ehrlich  and  his  pupils  presuppose  the  existence  of  very 
numerous  antibodies  even  in  nonnal  serum),  tho'C  bodies  take  hold 
of  the  alexin  present  and,  having  a  superior  affinity  for  it,  prevent 
its  fixation  on  corpuscles  even  when  they  are  sensitized  by  an 
immune  serum-  The  antagomstic  property  therefore  would  be 
due  to  the  presence  in  scrum  of  certain  normal  sensitizer  that 
have  no  affinity  for  the  corpuscles  employed,  but  raonopoliac  the 
complement. 

This  theory  is  irreconcilable  with  the  fact  that  the  (wldition  of 
salt  solution  i*uffice3  to  attenuate  the  antagonistic  effect  of  serum 
to  a  marked  degree-  The  first  premise  of  the  h>'pothe3is  is  incorrect ; 
the  antagonistic  property  is  also  present  when  a  normal  scnsillaer 
isuecfl,aswe  have  just  seen^&nd  as  the  following  exixjriment  further 
evidences: 

Two  series  of  mixtures  are  prepared  at  the  same  time.  The  first 
series  comprises  eight  tubes,  each  containing  I  c,c.  of  a  5  per  cent 
suspension  of  washed  goat  corpuscles.  To  four  of  these  tubes 
normal  sensitizer,  that  is  to  say,  nonnal  rabbit  serum,  56  degrees^ 
is  added  in  var>'ing  amounts  (0h4,  0.2,  0.1  and  0.05  of  a  cubic 
centimf^ter) ;  to  the  other  four  a  specific  sensitizer  (serum  of  a  rab- 
bit immunizeil  against  goat  blood)  in  doses  of  0,01,  0.003,  0.003  + 
and  0.(K)'25  of  a  eubic  centimeter. 

One  hour  later  the  tubes  arc  filled  with  salt  solution  ccntrifugal- 
iacd,  the  sujiematant  fluids  decanted,  and  0.6  of  a  cubic  centinieter 
of  salt  solution  added  to  each  sediment.  To  each  tnbc  is  then 
addefl  0.05  of  a  culnc  centimeter  of  fresh  guinea-pig  serum  (alexin). 

In  the  second  series  of  tubes  the  same  steps  are  taken  except 
that,  after  sensitliiation,  centrifugallaalion  and  tlecantlng,  0.1  of  a 
cubic  centimeter  of  salt  solution  plus  0.5  of  a  cubic  centimeter  of 
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heated  rabbit  serum  deprived  of  its  sensitiier  by  contact  with  goat 
corpusles  is  added.*    The  alexin  is  then  added  as  to  the  first  series. 

Controls  are  also  ma/le  mthoiit  any  sensitizer^  either  normal  or 
immune,  to  prove  the  necessity  of  its  presence  for  the  produetdon 
of  hemolysis. 

In  the  following  table  is  shown  the  length  of  time  in  minute 
refjuiretl  for  cnmplete  lienioly^^is  at  35°  C.  Tlie  letters  "M,"  "SI*' 
and  ''Nul"  hidicate  that  aft^r  several  hours  hemolysis  is  marked, 
slight  or  Done^  as  the  case  may  be. 


oceimnEKCE  of  bemolvsib. 


d'orpiif  lifa  sfluKJud  tky^ 

M"i*n-aHi- 
iltlHd  cer- 

ImTTmnQEPTum. 

Tioanal  a^um 

QDD25 

ouoa 

D.fN}5 

0(11 

D.DA 

0-1 

0.2 

D4 

Nul 

NaClBol.OBc.c! 
c  .c 

32' 
SI. 

30' 
SI. 

15' 

7' 

100' 
Xiil 

25' 
SI 

15' 

10' 
M 

Kul 

+  Dormal  rab- 
bit   aerum 

tiier.  0.5  c.e.-l- 
nl«xin.0,05c,c 

Nul 

In  the  mixture  containing  salt  solution  but  no  antagonistic  serum 
we  may  estimate  the  relative  potency  of  the  two  seneitiaers;  we 
find,  for  example,  that  0.005  of  a  cubic  centimeter  of  immune  eenim 
affects  the  corpuecles  as  much  as  a  relatively  large  dose  [0-2  of  a 
cubic  centimeter)  of  normal  rabbit  serum^  and  that  O.Ol  of  a  cubic 
centimeter  of  immune  serum  sensitizes  a  little  better  than  does  0.4 
of  a  cubic  centimeter  of  normal  senitn,  and  so  forth.  It  is  further 
to  be  noted  that  the  antagonistic  serum  {deprivoi  of  sensitizer) 
retartis  hemolysis  approximately  ef|ually  in  corpuscles  sensitized 
to  the  same  degree  by  normal  or  by  immune  eoriim, 

*  To  tho  BedimoDt  o(  5  C-C,  of  wushed  goat  blood  5  cc.  of  rabbit  eenim,  50 
di!Krcea,  ivod  adilf<i.  A  hw  houra  luter  the  mixture  n'oa  centnfugajijsed  and  tti« 
fltiperoaiAni  Quid  remaved. 
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Befnrc  Sachs'  observations^  PFeiffer  and  Friedberger  had  siu^Ued 
the  inhibiting  effect  of  normal  serum  on  bacteriolysis  of  the  cholera 
\ibrio.  Their  sen.flilizcr,  wliich  was  ver>'  active  against  the  vibrio, 
was  fin^t  remove<:l  by  treating  the  tmmufte  serum  with  vibrios, 
followed  by  cent rifj^aliaat ion  and  decanling  of  the  serum:  the 
supernatant  fluid  so  obtained^  on  injection  into  the  peritoneal  <.'ftvity 
of  a  normal  animal  lo^ethcr  with  vibrios  scnsitizett  by  a  m^hk-rate 
dose  of  anticholera  serum,  prevents  bactcriolyi^is,  FfcifftT  iLod 
Friedberger  further  noted  that  for  the  Entagonistic  power  to  be 
manifest  a  moderate  scTisitiaation  only  should  bo  ueeih  They 
have  studied  the  conditions  affecting  ihc  phenomenon  with  great 
care  and  reserve  any  decision  as  to  its  interpretation. 

Saeh?'  finding?  in  hemolysis  are  analogous  to  those  of  Pfeiflfer 
and  Friedberger.  There  can  be  no  Joubt  that  any  explanation 
for  one  will  ser\'e  for  the  other:  tde  inhibiting  property  of  certain 
constituents  of  acrum  on  the  fixation  of  alexin  on  scnsitiacd  blood 
ccllfl^  as  opi>o^  to  salt  solution,  is  doubtless  applicable  to  bacte- 
riolysis as  well  A  single  objection  occurs;  when  faintly  sensitiaed 
vibrios  arc  injected  into  the  peritoneal  cavity  bacteriolysis  does  or 
docs  not  take  place*  depending  on  whether  antagonistic  scrum  haa 
or  has  not  been  previously  a<Jdefi .  But  why  is  such  serum  necessary 
to  protect  the  vibrios?  Does  not  the  peritoneal  cavity  contain  a 
certain  amoimt  of  an  exudate  which  resembles  the  antagonistic 
serum  at  lea&t  more  closely  than  it  does  salt  sohition?  Why,  then, 
does  not  this  exudate  inhibit  bacteriolysis? 

We  (intl  by  experiment  that  peritoneal  exudate, even  when  heated, 
has  no  more  inhibiting  effect  on  hemolysis*  than  salt  solution.  For 
examplCr  a  little  peritoneal  exudate  from  a  ralihit  wa-s  heated  to 
66  degrees.  At  the  same  time  the  serum  of  the  same  animal  was 
obtained  and  treatwl  in  the  same  manner.  One-lwentiE-th  of  a 
cubic  centimeter  of  moderately  sensitiznl  bovine  blood  (ral)bit>ox 
serum)  is  placet!  in  each  of  several  tubes,  and  0,^  of  a  cubic  centi- 
meter nf  Mdt  sohition,  normal  serum  or  pcritoneail  exudate,  respec- 
tively, is  atlded;  0.05  of  a  cubic  centimeter  of  fresh  guinea-pig 
serum  is  then  added  to  eat^h  tube,  Ilemtilysis  a^jpeare  rapiiily  in 
Uie  nnxture  containing  salt  solution  and  almost  as  soon  in  the  one 

*  It  Bvcma  ibat  hom  the  clvse  an^klu^iis  Ih^Iwh^u  bactcriolyaiij  ixad  liemotysia 
&Dy  etmclunoiis  referring  to  oae  &ra  applicabLe  to  ihe  ctther. 
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with  exudate,  whereas  it  is  very  much  retarded  by  the  nonnal 
serum. 

Peritoneal  exudate,  then,  favors  the  demonstration  of  alexic 
activity.  Thirteen  years  ago  the  '*  reactivation"  of  heated  cholera 
serum  by  fresh  normal  serum  was  demonstrated  by  one  of  us.  It 
was  also  shown  at  the  time  that  bacteriolysis  is  due  to  the  collabo- 
ration of  the  specific  antibody  and  the  alexin.  The  granular  trans- 
formation of  vibrios,  which  is  indicative  of  bactericidal  power, 
generally  occurs  more  rapidly  in  the  peritonea!  cavity  than  in 
mixtures  in  vitro  containing  scrum.  The  reason  for  this  is  simply 
that  the  antagonistic  property  of  heated  serum  retards  bacteriolysis 
more  markedly  in  vitro  than  in  vivo. 

It  is  evident  that  the  presence  of  an  antagonistic  property  must 
have  been  a  great  source  of  error  in  many  experiments  and  in 
particular  in  those  based  on  the  principle  of  specific  absorption 
ami  those  dealing  with  the  multiplicity  of  active  substances  in  a 
given  serum;  obvious  examples  of  this  error  are  present  in  experi- 
ments deoUng  with  the  discussion  coucemiDg  the  unity  or  multi- 
plicity of  alexins. 


XXII.  A  CONTRiniTION  TO  THE  STUDY  OF  MOLECULAR 
ADHESION  WITH  A  CONSIDERATION  OF  ITS  FUNC- 
TION LN  VARIOUS  BIOLOGICAL  PHENOMENA  * 

Bt  dr.  gengou. 


I. 

For  some  years  biologists  and  bacteriologists  have  studied  Ixith 
the  inoi^anic  and  the  organic  colloidal  substaoces.  As  we  know 
the  majority  of  the  writere  coosiJer  the  sols  (hydrosols,  etc.);  that 
is  to  say,  the  "sohitions"  of  colloidal  substances  in  fluid,  as  being 
not  true  solutions,  but  ult  ramie roscoplc  or  microscopic  suspensions 
of  colloidal  particles  in  the  ddd.  In  addition  to  colloidal  solutions 
we  have  fine  suspenaions^  such  as  mastic,  aqueous  gum  arable,  etc., 
which  consist  of  fine  particles  m  a  fluid,  nith  the  diPferenve  that 
these  particles  are  vidblo. 

AVe  have  IcamDl  a  great  deal  about  colloidal  eolutioa^  from 
studying  these  fine  suepeiisions .  inasmuch  as  both  substances  have 
certain  |>ropertiefl  in  common.  We  believe  also  that  certain  studies 
of  the  chemical  precipitates  which  setlimcnt  easily  are  bound  to 
facilitate  our  knowledge  of  the  vancus  manifestations  of  coUoidal 
substances.  Inasmuch  as  colloids  are  probably  very  fine  suspen- 
eions,  it  ia  likely  that  all  transitions  between  them  and  the  sedi- 
menting  chemical  precipitates  with  large  particles,  exist.  We 
must  admit  that  all  these  substances  in  suspension  have  certain 
common  properlicsK  It  is  often  easier  to  work  \^"ith  chemical 
precipitates  thunwithcolloidolaolutions.and  such  a  method  is  there- 
fore advantageous  in  studying  those  properties  which  are  common 
to  both  substances. 

Among  these  common  propcrt.es  the  one  which  we  shall  consider 
almost  entirely  is  the  power  of  aji^rption.  Wc  have  long  known 
that  certain  solid  5ul:istances  in  the  form  of  a  fine  powder  absorb 

*  This  article  in  a  r^Qniri,  whi<'h  was  kinUly  fumisbpiJ  l>y  Dr  G^ngou,  of  an 
nrticle  ua  ibc  subject  irbish  appaared  ia  tha  Arcliivoa  inloroat,  de  Phydologie, 
\9l  7,  Fa«,  1  Bod  2,  ItiOS. 
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substances  in  the  form  of  gases  or  solutions  (pletLrolytes,  colloidal 
sols).  These  ailsorption  phenomeoa  by  solid  brxJies  bear  a  definite 
relation  to  the  considerable  surface  developnieot  of  the  particlea 
of  these  Kuljstarices.  Colloids  in  the  state  of  gels,  which  also  have  a 
large  surface,  an?  likewise  endowal  with  energetic  adsorption 
properties.*  Ttie  laws  of  adsorption  by  solid  bodies  are  the  same 
as  with  colloidal  gels. 

The  phenomena  of  molecular  atlhesion  may  begin  between  two 
substances  of  different  natures  acd  may  also  occur  between  the 
parliclea  of  the  same  substance,  for  example,  the  particles  of  an 
insoluble  solid  suspended  in  water.  If  increasing  amounts  of  & 
suspension  of  barium  sulplmte  in  water  are  added  to  a  constant 
volume  of  water,  we  find  that  the  mixture  becomes  cleared  of  the 
powder  with  a  rapidity  which  varies  directly  with  the  amount  of 
barium  sulphate  added.  Naturally  this  is  due  to  the  fact  that  the 
nearer  the  particles  are  to  one  another  the  more  their  mutual  ad- 
hesion ie  facilitated  and  they  form  clumps  which  sediment  more 
easily.  The  sedimentation  of  a  substance  which  is  insoluble  in 
water  is,  as  we  know,  facilitated  by  certain  colloidal  solutions 
and  viscous  fluids. t    A  few  years  ago  MullcrJ  studied  the  inhibit- 

■  Van  Bemmdert,  Zeihachrift  fiir  Anorg.  Cheto.,  ISM30,  "23.  Thia  mithnr  has 
flOg^led  the  nnmc  of  at/sorption  tc»  ricsignate  the  Mcuioulution  of  giis  or  fluids 
!q  poroufi  Wliee  or  oa  the  surface  of  non-poroitd  bodies,  a-od  ihc  ivuril  fibrtorptii^a 
for  the  iDE^tuiLcnt  In  nhicEi  Iht?  mulrculE^a  uf  iLt-  uiiaurlied  Hubslaiire  intcruijjiiigu 
VLlh  thrjse  of  i\ie  aiiucrhing  auh^tanoe,  tor  example^  bomo^npous  iwliHicioa  of 
gasefl,  I^uida  oraolidd.  Tlio  phenomenn  which  we  are  about  to  cohb icier  deal  with 
the  aUheflioQ  ol  vnrioua  aubalancea  to  aolid  Tjodics  saapoaded  m  o  Euid,  and  we 
prefer  to  uf^  iLe  tfiriu  aJdorptiuu. 

t  Lobny  dfi  Brujn  (Rec.  des  Trav,  chim.  des  Pcjs  Baa,  1900,  vol.  19)  has 
shown  in  pnrtjcnJnr  that  if  solutions  of  asIis  which  nnrtnai!^  form  an  inBolohle 
precipitate  arc  added  to  geJalia  the  acdimenuitioo  occurs  much  more  elowly. 
TLc  Tvuctioa  between  theae  salts,  however,  takes  place  just  as  well  under  theoo 
conJitLons,  fur  the  rapid  ily  of  the  reoctioji  i^  as  rapid  in  gde)  aa  in  waler- 

(E.  Coh^D.  Eder'd  Jahrpabi?richt  f.  Phoiographie,  1595,  CLt«d  by  HamburgpTf 
Oamol,  Druck  u^  loneolehre,  vol.  3,  p,  S9. 

Hothland,  Zeitscbrift  t,  anorg.  Cbem.,  vol.  40:  Spring,  Bull,  do  TAcad.  Roj. 
de  Mk.  l^OQ.  p.  515.) 

Slnee  tbis  limp  sever&l  authors  havH  Applied  the  fiame  methud  anil  similar 
Tnethoila  ■□  preparing  coHoiiIjiI  flolmions  of  ^ub^innc^  that  ari'  u^uMly  in^vilul^le. 

Paal  and  Amlrcrger:  bcriehl  d.  deutschea  ehem.  Gesellechaft.  voL  XXXV  and 
XXXVTI;  Paol  and  Voos,  Ibid,  vol-  XXXVlh  Lottcrmoser  Uebcr  jioorg- 
Kolloide.  Siutt^arLn  IDOI ;  Guthitr;  Zeitechrift  f-  anore-  Chem.,  XXXII,  Heia- 
rich.  Bericht  d.  detitwhe  chem.  Gesellachifl,  XXXVI;  Garboarski;  ibid;  Carey 
Lea,  Ibid.  XXIV.) 

{  BcrlcLt  d.  deutechcri  cbcm.  Gcocllschoft,  ICK)!. 
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log  action  of  various  stable  colloids  on  iht?  serli mentation  of  a 
colloidal  solution  of  gold  to  which  electrolytes  ha^l  been  added  and 
thought  that  he  Found  some  relation  between  the  viscosity  and  the 
inteiBity  of  its  protecting  power.  Victoi  Henri  and  A.  Meyer* 
did  not  think  that  the  viscosity  was  a  sufficient  factor  to  explain  the 
suspension  of  chemical  precipitates  by  slable  coUoids- 

\Ve  have  studied  the  action  of  barium  sulphate  that  has  been 
wa^hwl  and  suspended  in  distilled  water  on  the  addition  of  various 
stable  colloidal  solutions  or  viscous  fluids.  Certain  colloidal  solu- 
tions a^lutinate  barium  sulphate  cncrgeticaUyT  for  example,  a 
solution  of  starch  or  farina;  certain  organic  fluids  even  when  deprived 
of  their  cellular  elcmcDts  by  ccntrifugalization  (peritoneal  or  syno- 
vial fluid,  na^al  mucus,  eaUva)  do  the  same  thing;  the  agglutin- 
ating substance  in  these  liutds  would  appear  to  be  mucin. 

Tlic  majority  of  stable  colloids  and  viscous  fluids,  on  the  contrary, 
inhibit  the  scfliracnlation  of  barium  sulphate.  On  shaking  barium 
sulphate  in  a'|ueoua  solutions  of  sugar,  glycerine,  gum  arable,  gum 
tragacanth,  agar,  gelatin,  glue,  dextrin,  serin,  pseud oglobulin, 
euglobulin  or  hbrinoglobulin,  wg  find  that  the  masses  of  barium 
sulphate  break  up  into  much  smaller  particles  of  apparently  uni- 
form siae  which  have  i^hght  tendency  to  adhere  to  one  another. 
As  a  result^  we  obtain  much  finer  suspensions,  which  are  more 
homogeneous  and  stable  and,  in  the  ease  of  barium  sulphate,  are  of 
milky  appearance-  These  suspensions,  when  left  to  themselves, 
SGiiukent  very  slowly. 

It  is  only  rarely  that  the  action  of  such  solutions  on  barium  sul- 
phate is  due  to  their  ATscosity.  Syrups  composed  of  sugar  or 
glycerine  do  act  by  viscosity;  the  more  marked  this  viscosity  is,  the 
slower  the  sedimentation  of  the  barium  sulphate.  All  the  other  sub- 
stances which  we  have  just  nientioneil,  however,  as  dissociating 
barium  sulphate,  do  nob  act  through  their  viscosity  unless  much 
more  concentrated  solutions  than  nejt^rssary  ani  r-mplnyed.  Vis- 
ctwily,  then,  functions  only  in  a  subf>iili:iry  niaurier.  Tlius  we  find 
that  a  gum  solution  of  0.03  per  cent  in  distilled  water  which  reacts 
with  Oslwalil's  \Tscosinieter  just  as  distilled  water  does,  suffices, 
nutwitlistaEiding,  to  bold  barium  sulphate  in  suspension. 

The  mechanism  of  the  su>i[)eDsion  nf  barium  sulphate  becoraca 
*  EevuQ  gDU.  doB  S«ic&oos,  lUOi, 
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evident  when  the  suspension  which  has  been  in  contact  with  these 
various  colloidal  solutions  ia  repeatedly  washed-  If  this  washing 
is  kept  up  until  no  detectable  amount  of  the  coUoid  remains,  we  find 
that  the  treated  suspension,  when  placed  in  distilled  water,  remains 
suspended  aa  well  as  il  the  colloidal  solution  were  stiU  present, 
This  fact  is  brought  out  very  clearly  on  employing  gum  arabic, 
agar,  gelatin,  gum  tragacanth,  glue  or  pseud oglobulin*  It  seems 
reasonable  to  believe  then,  that  barium  sulphate,  when  treated  ^ith 
solutions  of  these  substancet^,  absorbs  sometliing  From  them  and 
forms  with  the  colloid  a  complex  which  is  sufficiently  stable  to 
resist  numerous  washing  with  distilled  water*  Such  is  not  the 
case  with  the  suspension  that  has  bt^ii  treated  with  sugar  or  glycer- 
ine syrup.  A  suspension  treated  in  this  way  after  washing  becomes 
hke  untreatfid  suspension;  it  takes  nothing  from  these  solutions 
which  hold  it  in  suspension  through  their  viscosity. 

Serum  albumin,  euglobulin  and  fibiinoglobulin  also  form  com- 
plexes with  barium  sulphate;  these  coraplfixes,  however,  withstand 
washing  poorly. 

It  ia  easily  demonstrable  that  a  complex  between  the  insoluble 
barium  sulphate  and  the  colloids  is  formed :  a  weak  solution  of  gum 
arabic  treated  with  a  sufBcicnt  quantity  of  barium  sulphate  and 
then  freed  of  it  by  centrifugaliBation  ia  no  longer  able  to  dissem- 
inate fresh  barium  sulphate. 

Iff  on  the  other  hand,  a  substance  such  as  calcium  phosphate, 
which  is  easily  dissolved  in  acetic  acid,  is  used  instead  of  barium 
sulphate,  the  adsorbed  colloid  may  be  liberated  from  the  complex 
after  washing  by  dissolving  the  adsorbing  substance:  the  colloid 
Liberated  in  this  manner  is  demonstrable  by  the  Fact  that  it  is  able 
to  disseminate  fresh  barium  sulphate. 

When  a  washed  complex,  such  as  barium  sulphate  plus  agar,  b 

*  SubataLJces  otb^r  ihan  harium  Bulphate,  for  i?Kamp]?,  anJnial  charcoal,  lend 
Iodide,  cakJiiTfl  oxalatf,  momUToUH  sulphnle.  mnngnncno  ODTl>onaic  and  copper 
axida  an;  held  in  suspcaaJon  more  or  \ceb  wcLl  by  gum  arabic.  rjuci  arabje, 
hoiAever,  clocH  nut  aiicct^U  la  drABod^tjJEig  fuiG  pfirticlcd  of  kaolin,  chiuiEmtc  cf 
silver,  iulphate  of  calcium  and  fulptiitf  of  liac.  It  eeems  reaBonsbE?  Ihat  suph 
should  be  the  caaC)  since  wc  arc  dtMLlIng  with  various  powdered  aubstancca,  the 
adsorbing  power  at  which  wiLl  evjdeulLy  nub  be  the  eiuue  Tor  tbe  cuUoid  uuder 
conajderation , 
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left  for  a  long  Lime  at  room  temperature,  that  is,  for  several  days,  a 
small  amoiuil  of  the  colloliinl  substance  is  demonstrable,  after 
centrifugalization,  in  the  supernatant  fluid-  Certain  factors  such 
as  bt^ftt  and  the  like  Hccelemt.e  tlie  breaking  up  of  thesp  complexes. 
Tlmi*  wc  find  iha-t  n  complex  of  biriuin  Hulphftt.e  and  gum  arable 
which  has  been  washeiJ,  and  has  remained  for  several  days  ai  room 
lemijerature  and  has  Dberatcd  verj'  little  of  its  colloid^  liberates 
much  more  of  it  when  boiled  for  a  few  moments,* 

TJie  adsorption  of  a  colloid  by  an  insoluble  substance  has  long 
been  known.  The  relation  between  this  adsorption  and  the  dis- 
semination of  insoluble  sub^taoe^s  by  coUcidal  meflla  is  what 
gives  interest  to  our  data. 

Although  it  may  seem  quite  evident  from  what  we  have  said  that 
the  facts  obnerved  are  identical  with  adsorption  phenomena,  we 
hftvCi  nevertheless,  endeavored  to  establish  this  identity  more  com- 
pletely^  Physicists  have  shown  thai  if  they  add  identical  volumes 
of  a  fluid  containingadsorbable  substances  in  increasing  concentra- 
tion to  a  fixe<]  quantity  of  the  adsorbing  substance,  that  the  absolute 
amount  of  the  substance  a^lsorbed  increases  up  to  a  certain  point 
with  the  concentration,  but  not  in  direct  proportion  to  it.  It  does 
not  always  form  the  same  fraction  of  the  quantity  of  adaorbable 
subetance  present,  Vi'o  find  experimentally  that  the  denominator 
of  this  fraction  locrcasft^  in  proportion  to  the  increase  in  concentra- 
tion^ so  that  the  proportion  of  substance  adaoHx^l  relative  to  the 
amount  of  adsorbable  substance  employ&i,  dimitiishes. 

The  same  rule  is  true  in  the  adsorption  of  giim  arable  by  barium 
sulphatci  on  the  addition  of  increasing  doses  of  gum  arable  in  a 
given  volume  to  the  same  amount  of  this  suspension,  larger  and 
larg:cr  amounts  of  the  colloid  arcad^^orbcd:  the  fraction  of  the  colloid 
adsorbed,  however,  diminiahcs  in  proportion  to  the  total  amount 
of  colloid  present. 

In  this  relation  we  may  recall  the  careful  reacarciica  of  Ei^cnberg 
andVolk.t  who  observed  similar  effects  in  determining  the  araouuts 
of  agj;lu(inin  that  a  given  amount  of  bacteria  adsorbs  when  added 
to  increasing  doses  of  agglutinin  in  a  constant  volume.    This  fact 

•  Van  BcmmeJcn  boa  nhown  alruj  that  adaorplitin  lakca  ptfite  better  in  the 
CC^d  than  Hi  higher  tctnperiLtitiiTs;  ill  tiur  Ju.sE^uceB  «<*  arr  dealing  wUi  iin 
adsorption  rhat  haa  laken  plure  in  itif  i^ld  EUid  is  partially  broken  up  by  heSL 

f  Zcitsclirilt  fQr  Hygiene,  vo\.  40. 
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is  one  of  those  mosL  strongly  indicative  of  tlie  relation  which  woulil 
seem  to  exist  Ix^tween  axi-sorplion  phenomena  and  the  reautiona 
between  agglutinins  and  bacteria. 

The  suspension  of  an  inorganic  powder  in  a  tfollnidal  nie*lium 
begins,  then,  by  ai.ihesion  <if  the  uoUoid  lo  tht*  |niwder.  We  have 
just  seen  that  certain  coUoids  on  uniting  with  baiium  su![>hate 
agglutinate  it,  Tho  two  phenomena  of  agglutination  ami  dissocia- 
tion of  barium  sulphate  by  stable  colloids,  altliougli  apparently  so 
different,  are  in  fact  due  to  the  same  mechanism,  namely,  the  adhe- 
sion of  the  colloiil  to  the  suspension. 

We  have  already  found  that  a  given  colloidal  substance  in  uniling 
with  a  givoQ  sus|>ension  may  produce  either  its  dissociation  or  its 
agglutination.  This  is  particularly  the  case  with  such  colloids  as 
f^elatin,  the  concentratttl  wlutiony  of  which  harden  in  the  cold. 
The  disse ruination  or  the  agglutination  of  a  sutipt^n^ion  of  liarium 
sulphate  by  a  0.5  per  cent  ^lution  oF  agar  depends  on  whether 
the  mixture  is  matle  at  50°  or  at  Kf  C.  In  both  instances 
adhesion  takes  place.  It  is  probable  that  weak  solutions  of  agar 
at  high  temperature  are  composed  of  very  small  particles  of  the 
substance,  which  particles  clump  loj^ether  ns  the  temperature  is 
lowerttL  This  supfxisition  indeed  finds  an  experimental  basis 
in  the  facts  that  Hanly*  has  noted.  Thi^  author  found  that  solu- 
tions of  agar  and  gelatin  arc  composed  of  ^janidee,  the  volume  and 
disposition  of  which  deix^nd  on  the  temperature.  The  effect  of 
agar,  then,  on  Ijarium  sulphate  depend!^  on  its  physical  condition 
or  on  the  siac  of  its  particles,  which  latter  fact  depends  on  the 
temperature  and  the  duration  of  time  that  the  colloid  has  remained 
at  thi^  temperature. 

The  effect  of  cold  on  agar  corresponds  to  the  effect  of  heat  on  the 
protein  suiwtances  of  scrum;  these  substances  when  unhcate*!  arc 
in  a  colloidal  condition  which  permit*;  them  to  wlhrre  to  barium 
sulphate  and  to  disseminate  it;  whL?n  larger  proteid  particles  have 
been  produced  by  heating  tJie  clumping  of  the  sulphate  foUows^t 

These  facts,  we  believe,  may  be  comparoti  with  another  phenom- 
enon: if  a  frrah  amount  of  ban  urn -sulphate  suspension  is  atliled  to 
a  complex  of  washed  barium  sulphate  and  colloiti  (for  example^ 
barium  sulphate  plus  gum  arabicl,  complete  agglutination  of  the 

•  PrchwediDgB  ol  tbe  Koyal  Society,  1900.  LXVI.  t  Geagou,  p.  31^0. 
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complex  plus  the  fresh  GUspensiou  lakes  place-  The  particles  of 
the  complex  probably  act  on  fresh  barium  sulphate  just  as  volu- 
minous particles  of  the  gum  would  act  on  fresh  barium  sulphate,  or, 
in  other  words,  as  do  the  granules  of  cold  solutions  of  gelatin  or  the 
albuminous  clumps  producc^l  in  scrum  by  heating. 

With  the  exception  of  the  instances  in  which  the  viscosity  of  the 
fluid  intervenes,  the  dissemination  of  suspensions  in  the  eolutions 
we  have  studied  is  due  to  a  substitution  of  the  arlhef^ion  of  the 
particles  among  themselves  for  an  atlhesion  of  the  particles  of  the 
suspension  to  particles  of  the  disseminating  colloid. 

The  disaeniinatiou  of  a  washed  suspension  by  colloidal  soiutiona 
resembles  the  inhibition  of  the  appeamncc  or  sctlimcntation  of 
precipitates  due  to  chemical  reactions  which  might  occur  in  such 
solutions.  We  think  that  the  facts  observed  by  Lobny  de  Bruyn 
and  othcra  in  this  connection,  which  liave  been  nia<Ie  u.'^c  of  to  obtain 
colloidal  solutions  of  substances  which  are  nomiaily  insoluble,  are 
due  to  the  fact  that  aa  soon  aa  the  chemical  reactions  which  lead 
to  the  production  of  these  substances  within  a  stable  colloid  solu- 
tion are  finished,  there  is  established,  between  the  particles  of 
these  substances  and  the  neigliboring  particles  of  the  surrounding 
colloid,  a  complex  wliich  is  similar  to  those  that  we  have  studied. 

Colloidal  solutions  obtaincil  in  this  way  are  therefore  suj^pen- 
aons  in  a  greater  or  less  excess  of  stable  colloid  of  complexes 
formeil  by  the  stable  colloid  with  an  insoluble  chemical  Muli^tance, 

The  dissemination  of  an  insoluble  salt  by  stabk>  colloids  m  the 
form  of  a  complex  should  apparently  be  compared  with  the  homo- 
geneous condition  which  colloids  give  to  emulsions  of  oil.  This 
phenomenon,  as  Quincke*  has  >hnwn,  is  due  to  the  fact  tliat  these 
colloids  diminish  the  surface  ten?^ion  of  the  oil  dropleLs  for  water 
by  intervening  between  the  droplets  of  oil  and  those  uf  water.  Ttia 
prol^able  that  the  dls&eminati(.m  of  barium  sulphate  in  a  ctilloidal 
milium  is  likewise  due  to  the  fael  that  the  surface  tension  wlueh 
ei:isls  between  the  suspension  and  waler  is  lowereil  by  the  prewence 
of  the  colloid  on  the  surface  of  the  particles  of  suspension  that  have 
absorbed  it. 

*  Quiacks,  WiEdemami'fl  AnQaleD,  1901.  XXXVll. 
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Some  writers  have  concliuled  from  Quincke's  experiments  that 
any  substance  which  diminishes  tlio  surface  tension  of  sub&tance 
A  for  fluid  B  must  bG  ab:^orl>eii  by  A,  and,  on  the  otber  hand,  that 
any  ^uljstaDco  that  has  been  adsortKxi  must  tiimimsh  the  surface 
tension  of  the  adsorbing  sul>stance.  It  Is  to  be  remembered, 
however,  that  in  certain  instances  the  mutual  adhci^ion  of  two 
eubstoncoe  in  fine  sdspenpion  in  a  fluid  results,  not  in  a  dis- 
semination, but  in  an  incrca^so  of  surfaco  tension.  Thus  the 
mutual  flocculation  of  two  unstable  colloids  of  difTercnt  electric 
charges  indicates  an  increase  of  superficial  tension  resulting  from 
the  ailhcsion  of  j>arti(?Jcs  of  the  two  colloids,  which  fact  Blitz* 
correctly  compares  with  adsorption  phenomena. 

We  have  endeavored  to  determine  the  reaction  of  our  complexes 
of  barium  sulphate  plus  colloid  to  electrolytes.  Such  complexes 
as  we  have  alreaily  mentioned  may  be  removed  from  the  colloidal 
solution  in  which  they  have  formed,  and  resusfjended  in  distilled 
water.  Wc  have  stat«.i  that  complexes  washed  in  this  manner 
react  to  electrolytes  and  flock  out  as  unstable  colloids  do  when 
these  electrolytes  are  present.  Alkalis>  and  particulariy  aciilii, 
have  the  eame  effect.  It  ie  ewdent  that  in  this  caae  we  are  deahng 
with  an  electrolytic  effect  and  not  \\'ith  a  fihenomenon  of  plas- 
molysis  due  to  concentration  of  tlie  salt,  inasmuch  as  such  washed 
complexes  do  not  Socculale  when  the  ealt  is  replace*!  by  isotonic 
sugar  solution;  such  a  sugar  solution  may  be  employed  in  any 
concentration  without  flocculating  the  complex. 

This  flocculation  is  revcni^ible,  inasmuch  as  when  the  salt  solution 
which  flocculate  is  removetl  and  Replaced  by  distilled  wat^r,  the 
complex  recovers  its  original  appearance  and  is  again  dissemi- 
nateil.  Although  a  rcvcrsibihty  occurs  in  the  agglutination  of 
certain  colloids  and  certain  fine  suspensions  by  means  of  salts  of 
alkalis  and  of  alkali  earth,  the  fact  should  be  mentioned  in  the 
present  instance.  We  might  suppose,  for  example,  that  in  pre- 
cipitating a  complex  of  barium  sulphate  plus  gum  or  the  Uke,  the 
electrolyte  dimply  detaches  the  fixed  colloids  from  the  suspension, 
in  other  wonls,  breaks  up  the  complex  and  restores  barium  sul- 

■"  Berlchtc  der  deiitscliQ  chcm,  Gcsdiubaft,  1904,  XXXVIL 
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phate  to  its  original  condition*  The  Fact  that  the  Hocculation  of 
the  complex  by  stdium  cliloriJe  is  reversible  pruves.  however, 
that  this  is  not  the  explanation;  it  is  the  entire  complex  which  is 
flocculated- 

Fltjcculfltion,  on  the  contrary,  is  lacking  when  the  complex, 
barium  sulphate  plus  colloidj  has  not  been  washcil  or  when,  aft^r 
it  hjis  lxH?n  wjLshcd,  an  excess  of  stable  cnllniil  is  wldcd.  Tills  latter 
colloid  Jheuj  would  seem  to  "pmtert"  ciHiiplexes  jii;rit  as  it  protects 
an  unstable  colloid  Fmiii  flocculation  by  salts.  Thi^  fact,  we  think, 
tends  to  validates  the  explanation  of  Bpekhold,  Oiranl-Maugau  and 
V.  Henri,  Panli,  and  othere,*  They  propose  to  explain  the  in<?chan- 
ism  of  ihe  protection  of  unstable  colloids  by  stable  colloids  againat 
prei^ipitalion  by  electrolytes.  When  we  remove  a  complex  of 
barium  sul|ihale  plus  ginn  from  the  collciidal  nipdium  in  which  it 
has  formeti,  by  washing,  it  is  very  proltfible  that  wo  do  not  obtnin 
it  aa  it  oecurs  in  such  a  nuilium.  If  wi^  accept  the  coni^eption  that 
has  been  proposed  by  Van  Ri'infnelen  for  Ihe  pheiiijnipna  of  adsnq»- 
lion,  and  a<lniit  that  the  preparation  of  emulsions  of  oil  in  gum 
solution  described  by  Quincke  (that  is,  the  covering  of  the  oil 
droplets  by  a  layer  of  gum),  is  similar  to  the  mode  of  prepara- 
tion of  our  ccniplc^:,  we  may  sup[>Dse  1  haJ  the  particles  of  the  com- 
plex, barium  sulphate  plus  gum,  are  composctl  of  a  center  formed 
by  the  barium  sulphate  around  which  the  jiarticles  of  gum  are 
dispa^fd  in  a  homogeneous  manner.  The  most  distant  of  these 
gum  particles  are  attracted  only  feebly  by  the  barium  sulphate 
And  become  detached  in  washing,  which  leaves  ua  a  complex 
poorer  in  gum  than  in  its  oripnal  condition.  We  may  then 
logically  imagine  that  on  placing  our  washed  complex  in  a  fresh 
gum  solution  it  becomes  covered  wi(h  fresh  exterior  layers  of  gum 
which  have  been  removed  by  washing.  The  inhibiting  effect  of 
gum  iJolution  on  the  floeculation  of  the  complex  by  Podium 
ehlori<ie  may  then  be  duo  to  an  increased  thickness  of  gum  and  to 
th*;  intervention  of  additional  eu|iei"ficial  hyers  on  the  complex. 
The  following  fact  may  be  mentioned  in  support  of  this  concep- 
tion:  if  complexes  of  barium  sulphate  and  gum  arc  formed  in 
increasing  quantities  of  gum  solution  and  subsequcnlly  waahed 
in  dietiilcd  water,  we  shouki  obtain  complexes  of  varying  richness 

•  CilHt  liy  Aran.  Bioch-  CcDiralbllU,  vol,  3, 
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in  colloidal  substance,  the  floeculatioa  of  which  by  salts  should 
diminish  in  accroidance  ^nth  the  amount  of  colloid  present.  This 
fact  wouUi  3eem  to  us  to  demonstrate  that  it  is  tlie  stable  colloid 
adhering  to  the  powder  which  oppose*  in  great  part  the  flocking 
action  of  the  electrolytes.  The  sainc  fact  also  probably  holda 
in  the  protection  by  a  stable  colloid  agalnBt  precipitation  of  an 
unstable  colloid  by  salts. 

*•* 

Apart  from  the  flocculation  of  compltrxes  by  electrolytes,  all  the 
facts  dEscribed  to  the  present  are  due  to  the  same  cause,  namely, 
a  sultftitutiou  of  one  fonn  of  adhesion  for  another.  Wlien  a  stable 
eoUoid  transforms  the  unstable  Eiiixture  of  barium  sulphate  and 
water  into  a  mm^li  more  {lelicate  and  stable  suspension,  it  is  due  to 
the  fact  that  one  adhesion  (barium  sulphate  plus  colloid)  is  sub- 
stituted for  another  atihesiun  (barium  sulphate  plus  barium 
sulphate).  In  order  for  this  to  tn^cur  the  attraction  of  the  suspen- 
sion for  the  erilloid  must  naturally  !x'  stninger  than  ihe  attraction 
of  the  suspension  for  itself. 

Likewise  the  fact  that  a  stable  colloid  such  as  gum  or  serum 
disseminates  barium  sulphate  by  separating  the  mutual  adhesion 
of  the  particles  of  barium  sul|>bale  rpst-mbles  the  fact  that  a 
Stable  colloid  may  inhibit  the  adhesion  of  barium  sulphate  lo 
another  colloid.  Thus,  in  the  presence  of  serum,  starch  solution 
and  peritoneal  fluid  fail  to  agglutinate  barium  sulphatt';  the  sus- 
pension a^lherefi  to  the  colloids  of  the  serutii  and  remains  dis- 
seminated iu  spite  of  the  presence  of  the  agglutrnating  colloids. 
In  the  same  way  a  stable  colloid  (gum)  prevents  the  mutual 
flocculation  of  fresh  barium  sulphate  with  a  wa^hetl  complex  of 
barium  sulphate  plus  gum.  In  this  instance  the  fresh  suspenann 
ai.llieres  to  the  free  stable  colloid  and  not  to  the  washed  complex. 


We  have  statefl  that  barium  sulphate  may  be  held  in  fine  suspen- 
sion by  substances  other  than  stable  coUolds,  Citrate  of  s^xlium^ 
the  inhibiting  action  of  which  on  coagulation  of  the  blood  and  milk 
is  well  known,  will  do  this.  Tlie  statements  we  have  mai.le  alxjut 
BUspeosioLS  of  powders  by  stable  colloids  rerjder  unnecessary  any 
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fuUtlcBcriptionof  thcaetion  of  citrate.  Thedieseminationof  barium 
sulphate  by  the  citrate  cloce  not  inorcaee.  with  a  ^vcn  dose 
of  powder,  with  the  concentration  of  the  citrate.  We  have  found, 
for  example,  that  an  amount  of  powder  contained  in  eight  drops 
of  our  barium  sulphate  solution,  when  added  to  2c.c.  offiuid, 
ia  well  disseminated  if  this  fluid  contains  frorn  O.OOo  per  cent 
ttt  0.1  per  cent  of  citrate.  Above  thia  concentration  the  dissemi- 
nating property  of  the  solution  diminishes,  so  that*  in  '20  or  30  per 
cent  citrate,  barium  sulphate  seilimcntfl  almost  as  rapidly  as  in 
distiliefl  water.  This  disseminating  action  may  also  occur  with 
other  subsfancea  that  are  insoluble  in  water,  such  as  clay,  tri- 
caJciuni  phoj^phate,  animal  charcoal,  and  olive  oil. 

We  have  found  that  this  property  in  salium  citrate  is  due  to  Its 
acid  radicale.  If  increa-sing  doses  of  citric  acid  (O.OOlfi  per  cent  to 
0.0^  per  cent  in  our  experimented  are  added  to  a  giv<.-n  quantity  of 
barium  sulphate,  distinct  difiseminalion  takes  place  in  certain 
tubes,  as  indicated  by  a  suspension  of  the  powder,  Aa  with  sodium 
citrate,  the  disseminating  property  is  minimal  with  certain  doses 
of  citric  acid  and  ^limitii^slies  wiUi  stronger  dtwes  of  it.  These 
factri  may  Ix*  comparerl  with  the  recejit  oljservations  of  Freum!- 
Lch  (Zeilschrift  fiirphys.  Chem.,  LVII,4).  This  author  found  that 
chareoH]  (Blutkohl*?)  remains  foralongtime  In  suspension  in  methyl- 
aaiine,  di propylamine,  triniethylamine,  pyridin,  codein  and  picrie 
acid  ;  he  fciund  that  this  charcoal  sus|icnsi(»n  has  an  opliniuni  in  the 
motlerate  concentrations  of  these  substances-  Oechsner  de 
Cuiiinck  am]  Azalicr*  fimnd  that  bariuiu  sul|ihate  is  retained  in 
t^usju-nsion  by  the  ehkirhydrale  of  meHiylamine,  and  that  even 
when  it  is  warm  mt  [■heiiiical  reaction  occunj  l>etween  this  organic 
fluid  and  the  su^pension. 

The  disseminating  action  of  the  citrate  is  due  to  the  fact  that  the 
suspension  adsorbs  it.  We  find^  indee<.l,  that  on  treating  a  weak 
si^lution  of  citrate  wilh  barium  sulphate,  the  property  of  disseniin- 
Btiiig  fresh  barium  sul|ihate  is  reinoi'ed.  And,  what  is  more,  if  a 
uniform  amount  of  barium  sulphate  is  added  to  increasing  doses  of 
citrate,  the  absolute  amounts  of  citrate  fixed,  increase,  whereas 
the  proportion  of  the  citrate  adsorb«l  varies  relatively  witli  the 
initial  mafis  of  the  salt. 

•  Bull.  d«  h  CI  iiw  dcJcDceo  Acad.  E^y.  de  Belg.,  1907,  No.  6. 
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A  complex  is  formed  between  the  puepfneion  and  the  citrate 
airailnr  to  that  which  occurs  when  b[irium  j^ulplmtc  is  axliJed  to  a 
colloidal  solution  iSection  I).  The  tllsernination  of  barium  ml- 
phate  by  podium  titrate  corresponds  with  Spiros'*  idea.  T\m 
author  thinks  that  the  presence  of  eleetrolvtea  in  small  amount 
13  necessary  for  the  conservation  of  coUoidal  solutions.  The 
salts  capable  of  producing  this  effect  would  varv'  with  the  colloid 
under  consideration;  small  amounts  of  alkali  will  sustain  siticic 
acid  and  slanuic  acid  in  a  ci^Uoidal  condition;  small  amounts  of 
acids  act  in  the  same  manner  on  colloid  ferric  hydrate  and  on 
gelatin.  Malfitano  t  has  shown,  also,  that  colloidal  Ferric  hydrate 
filteretl  through  collodium  becomes  more  and  more  uristable  a^  it 
loses  its  electrolyte  (HCl):  this  writer  believes  that  colloidal  ferric 
hydmle  fonned  by  hydrolysis  of  a  ferric  salt  is  imahle  to  remain 
alone  in  colioidal  comlilion,  and  acquirfs  such  a  condition  only 
througli  atlsor]>tion  of  the  ions,  Fe  or  H. 

My  owndatamay  l>ecomparfd  with  the  facts  that  were  menlioiie<l 
by  Arthtis  a  feiv  years  ago.t  This  writer  found  that  if  rio<!ium 
citrate  (O.o  to  1  per  cent)  is  mldeil  to  an  euiuL^ion  of  clay  in  water, 
the  precipitating  dijse  of  the  salts  of  alkalis  or  of  alkali  earths  la 
considerably increasetl  (20 to 2S times),  "AlUiouph  in  theinstiLnce 
of  calciuni  sall-s  we  may  mlvanee  the  hyptitbewis  of  a  dtmhie  inter- 
change of  salts  lea^ling  to  the  pnxluction  of  caleium  citrate  and 
sodiuTTi  chl*iride,  no  such  hyjjf»the-sirt  could  Ix?  nffea\l  in  the  cawe  of 
NaCl.  In  this  iustanee  soi-lium  eitr-ate  evidences  an  antagonism 
to  sodium  chlondi?,  the  precipitating  salt;  the  citrate,  then,  may  be 
regarded  as  endowed  with  a  direct  an ti precipitating  property." 
This  phenomenon  is  interesting  wlien  we  eoosider  the  inhibiting 
action  of  iho  citrate  on  the  (coagulation  of  IjWhI  and  mOk,  which  Is 
not  accompanied  by  precipitation  of  ealeiura.  Our  researches 
show  that  the  anti flocculating  property  of  so<.Huni  citrate,  ol>ier\'ed 
by  Artbus,  U  not  due  to  some  unknowm  olistacle  to  flocculalion  by 
sodium  !^lts  in  general  which  this  eub^tance  offers ;  we  have  inilec<l 
met  with  certain  examples  of  fiocculati<m  by  smlium  chloride  which 
are  not  inhitutal  by  the  citrate  (in  particular,  floccuktion  of  the 

•  Hofftnebler'sRpitrfigeaurehetn.  Phys.  u.  Pathologie,  Vol.  5. 
t  C.  R.  Acuil,  dc  Sciences  dc  Poria,  11K>6. 
t  C.  R,  dediic,  deBiol,  IW2. 
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iodide  of  starch).  As  a  result  oE  our  cKperimcnts  we  conclude 
that  the  action  of  the  citrate  \s  directly  on  the  Socculablc  .sub- 
atatice  itself  and  due  to  ila  adsorption  by  tliis  substance. 

Tbe  complex,  barium  sulphate  plus  citrate,  can  be  wa^^hcd  in 
distilled  water  and  resuspended  in  distilled  water  in  the  same  way 
as  the  complex  of  barium  sulphate  plus  a  colloid:  it  remains  in  ^ois- 
pension.  The  stability  of  this  complex,  howe%'er.  is  far  from  being 
as  great  as  complexes  of  barium  sulphate  with  ci^loids,  and  we  find 
that  it  roust  be  waflhed  with  rather  small  volumes  of  water,  sitiee 
large  amounts  of  water  finally  break  it  up  and  liberatt*  the  po^vder- 
Tht  stability'  of  the  complex  is,  howevern  sufficient  to  allow  us  to 
study  it  by  .subjecting  it  tc  various  inHueoce.s. 

When  we  submit  a  complex  of  barium  sulphate  plus  citrate  that 
has  been  washed  and  suspended  in  distilletl  water  to  the  action  of 
an  electric  current  we  fird  that  it  is  directe<l  feebly  though  dis- 
tinctly toward  the  anode.  T3iis  fact,  which  is  much  more  distinct 
with  a  coiiiftlex  oF  barium  suljjhate  and  colloid,  shows  that  the 
adeoqjtion  of  an  electrolyte  may  entlow  a  ausj^ension  with  a  lIls- 
tinct  electric  charge.  In  this  connection  we  may  recall  that 
Lottermosfr*  has  shown  that  colloidal  solutioas  of  Agl  may  be 
ohtninnl  from  KI  and  AgN'O^  by  means  of  an  electric  current 
which  moves  it  either  toward  the  negative  or  positive  pole,  depend- 
ing on  whether  the  initial  mixture  contains  an  excess  of  KI  or 
an  exces.s  of  AgNo,.  The  iom,  Ag  or  J,  in  exct?ss.  bring  atxmt 
Acolloidal  state  under  these  condiliona  (SolbiUlner,  de  Jordis),  and 
endow  the  particles  of  Agl  with  a  positive  or  negative  electric 
charge. 

Anhus,  in  a  brief  note  on  the  study  of  sodium  citrate,  shows  not 
only  that  it  inhibits  flocculation  of  clay  by  an  amount  of  NaCl  that 
ia  sufficient  ordinarily  to  produce  a^lutinatinn,  but  he  also  shows 
that  this  action  of  the  citrate  niay  be  o\'ercorne  by  a  larger  amount 
of  NaCh  We  have  subjected  the  complex,  barium  sulphate  plus 
citTBte,  to  the  action  of  electrolytes  in  the  same  way  that  we  treated 
the  complex  of  barium  sulphate  plus  colloid.  As  in  this  latter  in- 
stance, the  complex,  barium  sulphate  and  citrate,  is  fiocculatcd 
by  a  salt  and  setjiments  rapidly  on  the  adtlition  of  a  neutral  salt, 
a  bEisc  or  an  acid. 

*  Jokira,  riu-  praku  Cbem,  19UG,  LXXIIL 
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We  found  that  the  flocculation  of  the  cc*[iiplev%  barium  sulphate 
pliis  guni,  by  a  saU,  is  revei^jible,  that  is  tn  say,  on  the  removal  of 
the  saline  Bolution  and  KUBpension  in  distilled  water^  the  dissemin- 
ated condition  cnm(!S  back.  In  the  same  way  the  complex,  barium 
sulphate  \>\\if-  citrate,  floceulalod  by  a  salt,  and  afler  the  removal  of 
this  salt  su.sfiendefi  in  distilled  water,  becomes  disaeimnated  again. 
There  is  then  a  distinct  analog  between  the  complexes  of  barium 
sulphate  plu^  colloid  and  the  complex,  barium  sulphate  plu8  citrate, 
in  res|3ect  to  floecidaiion  by  electrolytes,  A  revcrrsibiUtv  nf  the 
ftocculalion  of  the  ciirate  combination  by  means  of  a  sail  also 
occurs  —  at  least  within  the  limits  of  saline  concentration  which 
we  have  employed  —  on  agglutinating  the  complexc*^  by  a 
f^oluhle  calcium  salt  in  place  of  the  eodium  salt^  the  complex  after 
the  excess  of  calcium  solution  is  removed  when  su^fX'ndcd  in  dii?tillcd 
water  recovers  it£  normal  appearance.  We  have  aL^o  noted  that 
if  barium  suiphatcT  NaCl,  and  sodium  citrate  are  mixed  toother  all 
fit  once,  that  the  complex  of  barium  sulphate  plu;^  citrate  etill  forms ; 
it  is  tjuitc  as  rca(hly  fl<jcculatcd  by  the  sodium  chloride  present. 
but  when  washed  and  resuspcndcd  in  diatillcd  water  it  acts  as  if  it 
had  been  formed  without  the  presence  of  sodium  chloride. 

To  sum  up,  sodium  citrate  forms  a  complex  with  barium  sulphate 
as  with  other  insoluble  substnnces  which  cauni-s  a  fraj^mentation  of 
the  granules  of  the  suspension  into  extremely  email  PU;^pendcd  par- 
ticica;  this  results  in  the  formation  of  a  much  more  delicate  and 
stable  suspension  of  the  sulphate.  The  same  thing  is  true  with  clay. 
Arthus  has,  indewl,  notcl  that  the  Hocculation  af  clay  by  a  soihum 
salt  requires  much  more  salt  when  citrate  is  present  than  when  it 
is  absent.  The  inhibition  which  citrate  causes  on  the  flocculation 
of  a  suspended  sube^tance  in  water  by  means  of  a  salt  may  be  made 
use  oF  in  detecting  the  formation  of  a  complex  between  such  a 
suspension  and  citrate.  We  may  use  this  fact  to  advantage  in  deal- 
ing with  a  material  which  usually  gives  so  hne  a  suspension  in  water 
that  the  addition  of  citrate  produces  no  visible  modification. 
Such  is  the  case  with  calcium  fluoride  (fine  suspensions  of  calcium 
fluoride  in  water  which  arc  almost  colloidal  may  be  obtained), 
and  particularly  with  mastic.     Both  these  subetancesj  which  are 


42S 


STUDIES   IN   IMMUNITY. 


ttucculfltal  en  tbe  addition  of  a  sodium  &alt»  precipitate  with 
much  greater  diflBculty  when  citrate  is  present.  This  fact  may  be 
TOgardciI  as  a  result  of  the  formation  of  complexes  between  the 
calcium  fluoride  or  the  mastic  and  citrate. 

We  may  now  consider  the  appearance  of  an  insoluble  substancei 
the  purlii^les  of  which  undergo*  a  nmch  more  marked  dissemination 
thao  dnts  lianuni  sulph^ito  when  citrate  is  wkled,  Inasmuch  as  the 
particles  of  such  sul>sLances  are  e-Ktrem^-ly  small,  they  may  be  more 
like  the  comixinent  partic;!™  of  a  cnlltiiilal  ?sohition. 

Wchavp  kntiwEi  for  M>nur  time  that  citrates  of  alkalis,  particularly 
thf*  insolublp  citrates  of  calcium  salts  ''dissolve"  certain  substances 
which  are  insoluble  in  water*  It  is  in  addition  notetl  that  the 
citrat(B  of  alkalis  jircvent  precipitation  of  a  copper,  ahuiiinium, 
or  iron  r^alt  by  a  base.  We  think  lliat  this  action  uf  cilrales  of 
alkalis  may  be  comparable  to  the  action  of  HOfiium  citrate  and 
stable  colloids  i*n  bariuiu  sulphatp;  it,  may  Ijo  that  in  lhc?>e  casm  the 
citmte  foniLs  a  complex  with  the  prtcipiLate  of  hydrate  Jin  soon 
as  it  appears,  so  that  the  hydrate,  instead  of  being  flocculated, 
remains  i[i  collnicial  solution. 

Wc  place  a  given  amoimt  of  welbwashed  aluminium  in  increas- 
ingly coni'entratcH.I  aohitions  of  cilralr,  and  find,  in  a  few  moments, 
that  cloudiness,  caused  by  the  aluminium,  becomes  njore  marked  in 
certain  mbes  ami  that  it  then  decreases  and  iho  fluid  eventually 
becomes  perfectly  clear.  We  know  that  we  are  not  deaHng  with 
an  ortlinary  dissolution  phenomenon,  inasmuch  as  the  hydrate 
^vcs  a  mrire  marked  cloud  with  the  citrate  than  docs  on.rmary 
aluminium,  which  is  not  ilie  case  with  or<linaiy  difisctlutioa^.  Anil 
what  is  more,  no  soluble  citrate  of  aluminium  has  been  det^eribcd  so 
far  as  we  know,*  But  the  reason  for  comparing  a  dissftlution  of 
aluminium  with  a  ^uspens^ion  of  barium  sulphate  in  citrate  is  the 
corre.-^pontiini^  action  of  such  salts  as  soilium  ehlonde  ir  Iv^th  in- 
stances. We  have  alrea^ly  noted  that  the  complex,  bariuml 
sulphate  plus  citrate,  is  flocculatwl  on  the  addition  of  sodium 
chlori<le,  in  the  same  way  wc  find  the  "solution"  of  aluminium 
in  citrate  becomes  troubled  when  sufficient  amounts  of  sodium 
chloride  are  added. 

*  la  Wurte"  "  Dietitmary  of  Chemistry."  only  an  msoliitile  fitratc  uf  alu- 
miaiiiiQ  ItacuierTeti  by  an  acid  into  a  very  soluble  pujomy  prulucl  Le  toentkiDDd. 
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The  opacity  produi^ed  by  sodimii  chloride  may  be  due  to  a  double 
decompoftition ,  the  scidium  citmte  could  not  ^ve  the  insoluble 
Euhfitance,  aluminium,  with  sodium  dtmte  if  it  rparted  nhemiRftlly 
with  suliiim  fhloride,  but  could  givr*  only  sohilile  suljstanist*^.  We 
must  then  he  d^aUng  wilh  a  flottruLatiou  uf  very  small  |jarlides 
in  lim|Vid  colloidal  solution  by  soflium  citrate;  these  particles  mtist 
belong  to  the  complex,  aluiuinium  pluseltnite.  This  compleY,  then, 
would  be  analogous  to  the  complex  of  barium  sulphate  plus  citrate, 
but  instead  of  being  a  fine  suspension,  as  this  complex,  it  woulcj 
appear  in  water  as  an  apparently  colloidal  lim[Md  solution.  Such 
ft  mechanism  probably  accounts  for  the  inhibition  to  precipitation 
of  aluminium  salts  by  bai^cs  which  citrate  gives. 

Notwithstanding,  the  reasons  i%'hich  eeem  to  favor  this  opinion, 
we  give  this  interpretation  as  an  hypothesis  only.  The  subject 
should  be  etudied  more  carefully  from  a  purely  chemical  stand- 
ptnnt. 

We  should  like,  however,  to  mention  one  more  fact  which  is  re- 
lated to  the  phenomenon  that  we  have  just  described.  Wo  know 
that  the  salts  of  aluminium^  for  example  the  sulphate,  arc  coagu- 
lants and  agglutinants.  Alum  flocks  certdn  dyes,  such  as  fuchsia, 
with  ease.  We  have  found  that  such  a  flocculatiou  k  complelcly 
inhibiteil  by  sodium  citrate.  This  effect  cannot  be  due  to  a  pn.^- 
eipjtation  of  the  agglutinating  element  from  the  solution,  for  we 
fin<l  that  those  salta  show  no  precipitation  after  several  days.  It 
may  be  that  the  obstacle  to  the  flocculation  by  alum  pnxluced  by 
citrate  is  due  to  the  dissemination  of  alum  hydrate,  which  would 
remove  its  precipitating  properties.  This,  to  l)c  sure,  is  only  a 
hypothesis,  the  value  of  which  must  be  determined  only  by  more 
extensive  experiments. 


.\ 


The  inhibiting  power  of  sodium  citrate  on  the  flocculation  of 
certain  substances  by  salts  (Arthus)  is  better  undeistood  when  we 
consider  its  dUseminating  effect  on  substances  or  elements  which 
sediment  spontaneously.  In  the  same  way  as  the  suspension  of 
infioluble  substances  by  stable  colloids  is  to  be  considered  as  the 
result  of  the  formation  of  a  complex  between  the  powder  and  the 
colloid,  so  the  disseminating  action  of  sodium  citrate  on  certain 
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chemical  prccipitatcfi  is  due  to  the  production  of  a  complex  between 
the  precipitate  and  the  citrate.  It  is  probable  that  the  adsorbed 
citrate  diminishes  the  surface  tension  bctwoeo  the  particles  of  the 
ailsorbed  body  and  the  surrounding  fiuiii;  it  is  owing  to  this  fact, 
probably,  that  the  inodifieation  brought  about  by  tbc  citrate  in  the 
physical  coodition  of  the  adsorbing  substance  is  eiinilar  to  the  in- 
hibition by  this  salt  to  fiocciJation  of  afborbiug  substances  like 
clay  or  calciuui  fJuoride  by  eleetrolytca.  The  inhibiting  action  of 
citrate  on  adhesion  of  particles  of  the  adsorbing  substance  to  other 
elements  in  colloidal  solution,  or  in  suspension,  is  also  apparently 
due  to  the  same  fact.  Citrate  that  ha^  been  mborbed  by  barium 
sulphate  can  oppose,  not  only  the  reciprocal  adhesion  of  the  parti- 
cles of  this  suspension,  but  also  the  a<ihesion  between  them  and 
stable  colloids  of  other  substances  in  the  same  way  as  a  stable  eoUoid, 
A  (serum),  is  able  to  inhibit  the  atlsorption  of  another  colloid,  B 
(starch  or  gum).  This  is  the  way  that  citrate  prevents  the  atlsorp- 
tion  of  gum  arable,  mucin  or  of  starch  by  barium  sulphate;  it  like- 
wise mhibitji  the  adhesion  and  sul^sequent  flocculatJon  of  fresh 
barium  sulphate  plus  colloid.  In  like  manner,  the  citrate  prevents 
the  adhesinn  and  sulisequeiit  flocculatiou  i»f  ealciuTn  fiu<iride  with 
indigo  earniin:  and  finally,  in  a  shmlar  manner,  it  im-vcnls,  to  a 
certain  nxtt^nt^  the  adsorption  of  eosin  by  animal  eliarcoal. 

These  various  examples  suffice  to  show  that  the  JuLsnqition  of 
citrate  by  ealciuni  fiuoride,  barium  sulphaie,  anhnnl  chan'oal  and 
the  like  maj'  lake  the  place  of  the  a*lsorj>tion  of  other su Instances  by 
Lhtrse  infioluble  bodies  as  well  as  the  mutual  iifih^sion  of  the  individ- 
nal  parlic'les  of  each  one  of  these  materials.  The  phenonieium  is 
evidently  due  to  the  fact  that  the  affinity  of  a  given  sus|iension  for 
various  substances  (dyes,  colloids  and  citrate)  varies,  and  also  to 
the  fact  that  this  siLspension,  which  is  attracted  at  the  same  time  by 
two  affinities  of  different  intensity,  naturally  yields  to  the  stronger 
one  — in  our  experiments  to  its  afhnity  for  the  citrate.  The  inhitdt- 
ing  effects  of  citrate  are,  then,  simply  the  result  of  a  struggle  of 
affinities  for  bariuni  sulphate  between  the  citrate  and  the  other 
substances,  the  atlsorption  of  which,  by  the  suspension,  this  citrate 
prevents.  It  is  this  principle  of  a  struggle  between  two  Mlsorption 
phenomena  which  we  have  employetl  in  our  study  on  the  agglutina- 
tion and  dissolution  of  red  blood  ceib;  bv  various  substances. 
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III. 

The  two  prccoiling  chapters  have  been  given  over  to  the  eoneiti- 
eralioi)  of  adsorption  phenomena  whioh  occur  between  substances 
neither  of  which  k  cellular,  properly  t^peaking-  Certain  of  them, 
such  ay  barium  Bulphatc^  ealciuni  fiuomie  and  the  like,  ore  insoluble 
inorganic  sub^jtaucc^ ;  and  other:?  are  stable  coUoida  (gum  and  the 
like)  or  electrolytes  (sodium  citrate). 

In  the  mutual  adhesion  between  these  subfitanccs  which  we  have 
considered,  one  of  them,  the  colloid,  may  bo  replaced  by  a  cellular 
clement.  As  wc  have  previously  shown,*  banum  sulphate,  when 
mixed  with  red  blocxi  cclla  that  have  been  washed  free  of  all  scnim 
and  Buspcndal  in  salt  eolutioa,  adheres  to  the  corpuscles  and  pro- 
duces agglutination  in  large  clumps  composed  of  suspension  and 
corpuscles.  The  agglutination  is  follcwcii  by  dissolution  of  the 
corpuscles  when  sufficiently  large  doses  of  barium  sulphate  are  used- 

Wc  have  here  an  adhesion  phenomenon  between  two  suspended 
substances  wliich  may  be  studied  by  subjecting  it  to  the  vaHoua 
influences  which  we  have  employed  in  dealing  with  other  avihesion 
phenomena,  as  the  one  between  barium  sulphate  and  starch. 
We  finti  here,  too,  that  the  agglutination  of  barium  sulphate  with 
corpuscles  does  not  occur  when  a  stable  colloid  like  serum,  or  when 
sodium  citrate,  is  present,  any  more  than  it  does  in  the  adhi'^ion 
of  barium  sulphate  with  starch-  We  know  from  what  we  have  seen 
in  the  preceding  chapters  what  takes  place  under  these  conditions; 
it  may  be  that  another  complex,  namely,  bariunj  sulphate  plua 
Berum  or  barium  sulphate  plus  citrate,  takes  the  place  of  the  com- 
plex, barium  sulphate  plus  corpuscles,  which  occurs  under  normal 
conditions;  in  other  wonls,  one  phenomenon  of  atlhesion  takes  the 
t^art  of  another  similar  phenomenon- 

W^e  have  already  demonstratetl  that  the  particles  of  the  complex, 
barium  sulphate  plus  citrate,  which  remain  separate  in  the  solution 
in  which  they  have  been  formed,  without  any  tendency  toward 
mutual  adhesion,  are  agglutinated  on  the  aildition  of  a  ^U  i^uch  aa 

*  Geagou.  C.  R.  Acad.  Scle^uci^,  Paris.  1904.  LauJ^teincr  utid  Ju^c  nutRd 
tb«  effect  of  ooLLoidal  silicic;  acui  ca  corpusclea  some  tinto  before  (Woin.  tdin. 
Wochenachr.,  1004,  No.  3).  Shortly  after  our  co  mm  u  meat  ion,  Madam  Girard- 
Uuugau  and  v.  Henri  (C.  R.  Soc.  Biol.,  |0l>4^  in  lum  aiudied  ih^  pheiioroenon 
very  extensively  with  varioua  coUoida. 
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NaCl  or  CaClj.  This  salt  increases  the  affinity  of  the  particles  in 
the  complex  for  one  another.  In  like  manner,  the  agglutination  of 
corpuscles  with  suspensions  maybe  forcod  to  appear  even  in  a  citrate 
medium  on  the  introduction  of  sufficient  amounts  of  CaClj,  and, 
what  is  more.  If  wc  use  a  solution  of  7  per  cent  saccharose  instead  of 
0.S5  per  cent  salt  solution  as  a  metlium,  wo  may  produce  an  apjiluti- 
nation  of  barium  sulphate  with  corpuscles,  which  is  prevented  by  the 
citrate,  on  the  simple  otiditiou  of  NaCl. 

These  experiments  may  all  be  repeated  with  other  insoluble  sub- 
stances, as,  for  example,  CaFL,  and  mastic.  Both  these  substances 
agglutinate  washed  red  blood  cells;  the  agglutination  is  prevented 
either  by  stable  colloids  or  by  aodium  citrate,  and  this  failure  in 
agglutination  is  due  to  the  fact  that  the  adhesion  of  the  insoluble 
substance  with  the  corpuscles  fails  to  occur.  In  the  place  of  the 
complexes,  CaFl,  plus  corpuscles,  or  mastic  plus  corpuscles,  the 
complexes,  CaFl,  plus  stable  rolloid  or  mastic  plus  citrate,  occur. 
The  addition  of  a  pall  like  CaCl,  or  NaC]  causes  the  agglutination, 
which  has  been  inhibits!  by  the  citrate,  to  appear,  just  a^  it  provokes 
the  agglutination  of  the  corpuscles  by  barium  sulphate  in  a  citrate 
niftlium* 

■  Wc  have  shown  in  Snotion  II  Ihe  inliihiling  pfTect  of  gwlmm  citrate  on  pr^ 
Cipitation  of  fuchain  by  alum.  With  every  reserve  aa  lo  the  interpretation  oF  this 
foci  vt  have,  oevertlieleaa,  ineipted  on  the  analogy  which  fieenu  to  exiat  betHeca 
tlie  (uDctiuu  of  tljL-  ciLrati;  In  tKkf  LiisLaQce  and  \iii  a^cilon  witli  sui^peiibiona.  Jt  is 
with  JL  similBf  reserve  that  we  menilon  rhe  elTert  of  Ihe  citraie  on  other  pheno- 
meoa  of  jLf^glutiniLtian  produoi^d  by  alum.  Aa  we  already  bnow,  Malvei  (AnnatcB 
de  I'loatitut  PaatGur)  ISO?)  boa  ahown  that  varioila  chemical  flubalancca  o^luti- 
iiate  ciuu[ilu]jr)  ef  bacteria.  AUim  oiiglLJlLJiatvd  l>pliuid  bjtciIH  nt-U;  ^ve  liavt-  al«j 
fDiind  tlint  it  Qg^Lutinute^  red  blood  {^etEa  ami  even  dissolves  them  when  u  sufficient 
do»e  i$  emplny^Hl.  All  thew  phpnom^im  T^iil  1o  r>r?f!iir  whenevi^n  a  fimivll  a-inount 
of  sodium  eitmte  is  present.  Not  only  docs  ag^laCinntion  fail  lo  appear,  but  wo 
hove  ]Kfa  abk  to  3how  that  the  citrate  prevents  the  adsorption  ot  the  alum  hy 
Uie  botteria  or  thi;  reiJ  blomJ  ctlk,  which  nonmilly  occurs  when  citrate  \a  not  pre- 
sent. We  have  also  loiind  fhiit  bflrteriM  i.hfvt  have  hoen  agplutinatcd  by  mndflmw 
dosaaoE  alumn  ami  thon  wu.'^hed  in  dEstilled  wator,  are  well  a^lutinateil  on  the 
adrtitioti  oF  NaCI  (thia  Fact  may  be  compurcd  n-ith  the  agglutinati<>ii  oi  bacterid 
by  sptrciflc  peni  and  wilh  the  obaen-at iuna  uf  Ueckhold  iZeitscbrift  fur  phya. 
Chem  .  Vol.  4Ht  uTi  Elie  flof^culatiun  of  brLcieria  by  the^l>4  of  lieavy  nielnLi}.  If 
we  (refit  bn^teria  which  hnve  been  mixed  with  alum  in  a  eiiraied  medium  In  the 
Bamc  nay,  the  BUbpequeDt  ugElulinatioti  by  NaCI  fiila  to  occur.  It  ii  evirient, 
UioHh  timl  tho  mihlc  of  action  of  llie  citrate  in  thia  inatanccscfirHCtimparahie  toita 
ftclioD  OD  substaneea  in  aqueous  su.s pensions  (ijarium  :tu1p1mk\  calcjiiin  fluoride  or 
maatic);  bat,  awin;^  to  the  fa<'t  that  e1;emica1  rencttona  may  lake  place  r>ptwe«D 
alum  and  ritra.te,  and  thus  prevent  the  mnnife^tjjtionfl  produced  by  the  alum,  ffs 
think  it  bettor  to  reserve  any  iuterpret^tioa  of  this  Fact- 
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It  should  be  nolcil,  however,  Ihat  llie  agj-lut.inalinE  of  corpuscles 
with  insoluble  bxlies  like  bAriiiiii  ^u[|ih;i.fe  by  means  uf  suits  id  a 
citrated  medium  \s  never  so  intense  as  when  there  is  no  citrate 
present-  We  think  this  is  owing  to  th<='  fart  tliat  the  salu  do  not 
bresk  up  the  complex  <jf  bariinn  sulphate  nrhl  thereby  n?st<ire  llie 
BUsppDJ>ion  to  its  original  condition,  but  endow  the  very  particles 
of  thi^  complex  with  a  certain  amount  of  adhesive  property.  We 
have  already  seen  that  fiocculation  of  the  complex,  barium  sul- 
phate plus  citrate,  by  a  salt  is  reversible,  that  is  to  say,  that  thecom- 
pfex  reeoveis  its  normal  appearance  when  the  floeculating  salt  is 
removal.  The  sait^  then,  endows  the  particles  of  the  complex 
with  a  mutual  adhesive  affinity  (floccuktion  of  the  complex),  or 
elae  with  an  adhesive  affinity  for  other  suspended  substances 
(corpuscles).  And,  consequently,  the  af^jduti nation  of  coqjuscles 
with  an  insoluble  subsCancc  in  a  citrated  medium  when  a  salt  is 
present  would  naturally  not  be  as  great  as  the  one  produced  by  the 
same  amount  oF  salt  when  citrate  is  absent;  this,  indeed,  is  what 
wc  find  to  be  true.  The  contrary  would  occur  if  the  activating 
6alt  broke  up  the  complex  and  restored  the  suspension  to  its  normal 
condition* 

The  action  of  citrate  on  calcium  fluoride,  mastic  and  the  like,  as 
we  have  noted  in  Section  II,  is  not  immediately  perceptible,  as  is  the 
diasemination  of  barium  sulphate.  Citrate  does,  however,  affect 
tbc?c  various  substances  in  a  similar  manner  and  prevents  their  ad- 
hesion to  other  aub&tanccs,  such  as  red  blotxl  cells,  as  we  have 
already  indicated.  Calcium  fluoride,  an  inorganic  substance,  is  in- 
termediary between  barium  sulphate,  an  inorganic  substance 
that  is  disseminated  by  a  citrate*  and  mastic,  which  is  an  organic 
substance  thai  shows  no  immediate  effects  with  citrate.  From  a  con- 
sideration of  mastic  we  may  go  on  to  the  study  of  other  organic 
bodies  which  in  turn  would  seem  to  show  no  reaction  to  the  citrate, 
but  winch  are,  however^  inllucuccd  by  it  in  a  similar  roanner  to 
c&lcium  fluoride  and  mastic* 


•  * 


We  find  that  wc  can  continue  our  comparison  of  the  adsorption 
phenomena  that  we  have  stULlieil  with  similar  phenomena  in  hemoly- 
sis produced  by  biological  agents.  We  find  that  citrate  of  sodium 
inhibits  hemolvsis  by  eel  serum,  venom,  lecithid  and  alexin  in  the 
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same  way  as  it  prevents  the  adhesion  of  the  particles  of  bariurn 
sulphate  lo  one  another  or  to  sugpendecl  subgtaoces  like  corpuscles 
or  to  eolloulal  sulTstance,^  like  gum  arable.* 

It  is  e\'icleiit  that  this  inhibition  of  heniolysis  by  citrate  u  not  due 
to  a  destruction  of  Iho  biolo^tral  hemolysins  by  this  salt,  inasmuch 
as  we  find  they  can  Ih?  reactivatetl  by  the  addition  of  an  electrolyte. 
In  the  tame  way  Ihat  we  incn?ast>d  the  adhesive  properties  of 
eitrated  barium  sul|>hale  on  the  a^idition  of  sfKlium  cliloridc  and 
calcium  chloride  eo  that  the  ])articles  of  the  complex  are  able  to 
adhere  lo  one  anttthc-r  and  flo^k  out^  or  to  ailhere  lu  other  elements 
and  ag^utinaic  thcni,  so,  nn  aiiding  calcium  chloride,  \vc  arc  able 
to  reactivate  the  biolopcal  hemolysins  in  a  eitrattii  medium.  In 
eertain  instances T  as,  forexam|>lc,  with  venom,  this  reactivation  may 
be  pnxlucefl  by  NaCL  If  the  hemolysis  of  guinea-pig  conHJScles 
by  cobra  venom  is  prevented  in  a  Fugar  rnediuni  by  a  sufficient 
araotmt  of  citrate,  the  inhibition  may  be  removed  by  adding  a  small 
amount  of  soilium  chlorid  to  the  mixture. 

It  mi);ht  well  he,  however,  that  citrate  prevents  the  action  of  the 
biological  hemolysins  by  ncutraliaing  the  calcium  aalts  which  arc 
necessary  for  their  action,  ^uch  an  intcr|>rclB.tion  w<»uld  ^eem  all 
the  more  a^lmissible  inasmuch  as  with  certain  of  these  ticrtiolvi^ina 
(venom^  Jccithid  and  alexin)  the  dissolution  of  the  corpuscles  is 
also  lacking  when  oxalate  or  Hitoride  of  soilium  is  abided  to  the 
mixture-  Inasmuch  as  it  i-s  generally  aupposcil  that  the  inhibition 
of  coagulalion  of  the  blood  an<l  of  milk,  produceii  by  the^e  salts,  ia 
due  to  a  neutralization  of  the  calcium  salts,  it  may  weU  be  supposed 
that  the  similar  inhibition  of  hemolysia  is  due  to  the  same 
Reason. 

Such  a  hypothcfiia,  however,  ia  not  justifieil.  In  the  fiist  place 
w<.-  have  to  note  that  although  citrate  of  sodium  prevents  hemolysis 
by  eel  scrum,  oxalate  prcnluccs  no  such  elfect  even  when  large 
amounts  of  isotonic  oxalate  solution  are  employed.  It  is  therefore 
probable  that  the  mechanism  oF  the  inhibition  of  hemolysis  by 
the  citrate  is  similar  tn  the  various  other  ia'^tances  by  biological 
hemolysins  which  have  been  nienlLoni'<i. 

From  the  facts  which  follow,  and  fur  other  reasons,  we  are  loil  to 

*■  BordtT  and  Gay,  ^cc  p^t^e  liXi,  havo  ahv  Uticribcd  siuiiliir  facia  ia  Jeuloiit 
wUh  the  iajictivatioD  nf  alexin  by  ancliiiTU  citrate. 
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believe  that  the  inliibiting  action  Is  not  ilue  to  aWeuiildfying  puner 
of  the  dtrste,  the  nx^lale  or  the  fliinriile.  If  it  were  m,  we  slumld 
expect  to  find  h  dir^tincL  par&llelbm  between  the  intensity  of  Ihe 
anticalt^iiiiii  prnperty  of  the  eitrate  or  oxalate  and  tiieir  antiheriio- 
lyLic  (}ni|it*rly.  Surli,  howt^ver,  is  not  the  ame.  Sabatani  (Ari^hiv, 
Ital.  de  Bioh,  1901,  Vol.  30)  has  shown  that  if  we  regard  the  anti- 
siuni  power  of  the  oxalate  as  1^  the  similar  power  in  the  citrate 

ly  be  ifpresented  by  0.45.  According  to  this  author  the  anti- 
eoagulaHng  properly  of  each  of  these  salts  is  esaetly  paralJel  to 
their  anticalcium  property.  Thi??,  however,  is  not  true  as  a^^ards 
their  antihemoiytic  efTttt.  We  have  founds  indeed,  that  if  we 
represent  the  anfi hemolytic  action  of  tho  oxalate  as  I,  the 
corresj.X)iiding  action  of  the  citrate  would  correspond  to  3  as 
regards  heniol>"fiis  by  venom,  to  L45  in  hemolysis  with  lecethid, 
and  to  1,5  with  alexin  hemolysis. 

We  have  found  that  if  amounts  of  oxalate  which  are  entirely 
EufRcient  to  deoalcify  the  serum  are  ajkie<l  to  unJilatcil  alexin  or  to 
concentrated  vcnom^  and  allowed  to  remain  with  them  for  21  hours, 
on  removal  of  the  calcium  oxalate  that  has  been  formetl,  these 
mixtures,  w^hen  suitably  diluted^  are  quite  as  hemolytic  as  if  no 
oxaUile  had  been  mixed  with  them. 

Inasmuch  a£  the  citrate  doci^  not  act  as  a  decalcifying  agent,  we 
are  forced  to  compare  its  action  on  animal  hemolysins  with  its  action 
on  the  inj^oluble  Rub^tanccs  whirh  wc  have  previously  studieil. 
To  render  the  anaJog>'  complete  it  would  be  neccesarj-,  in  order  to 
produce  an  inactivalion  of  the  hemolytic  agenla  in  a  citralcd 
medium,  that  an  inhibition  to  the  a<l3orption  of  these  substances 
by  the  cori^a'^cles  Phouid  cxiet.  This  we  find  lo  be  the  cat<e:  if  in  a 
citratcd  me<:lium  blood  corpusclca  and  any  one  of  the  hemolysins 
which  we  have  mentioned  arc  mixed,  the  supernatant  fluid  suljne- 
quently  removed  may  be  shown  on  reactivation  with  CaClg  to 
contain  the  hemolytic  agent 

It  woulti  seem,  then,  that  sodium  citrate  prevents  the  action  of 
eel  serum,  venom,  lecithid  and  alexin  on  rei:l  blood  cells  in  the  same 
way  that  it  prevents  similar  action  by  such  substances  as  barium 
sulphate,  calcium  fluoride  and  mastic.  We  have  seen  that  the 
inhibition  of  hemolysis  by  insoluble  substances  like  barium  sulphale, 
l)y  means  of  citrate,  is  due  to  the  formation  of  complexes  such  as 


436 


STUDIES  IN  TMMUNTTT. 


bariuro  sulphate  plus  citrate^  calcium  fluoride  plus  citrate,  etc,,  in 
place  of  the  complexes,  barium  sulphate  plus  corpuscles,  and  the 
like-  It  is  probable,  then,  that  hemolysis  by  biological  agents  fails, 
when  citrate  is  present,  because  these  substances  form  union?^  with 
the  citrate  similar  to  barium  gulphate  plas  citrate,  insteatJ  of  attaclc- 
iuf^  the  corpuscles.  Wc  have  seen  that  the  action  of  salts  hke  NaJTl 
and  CaCi,  on  the  complex,  barium  sulphate  plus  citrate,  is  rever- 
sible, and  wc  have  further  seen  that  it  is  owing  to  this  rcvereibihty 
that  tbis  complex  is  not  always  so  agglutinatir^  for  red  blood  cells 
when  the  salt  is  atlded  as  if  the  suspension  in  the  complex  had 
been  restored  to  its  normal  condition  by  uicane  of  NaCI  or  CaCJ,- 
This  also  wc  find  to  be  true  with  biological  hemolysins.  These 
latter,  when  inactivated  by  citrate,  can  be  rcactivate^l  by  CaCl, 
or  even  by  NaCl  This  reactivation,  however,  does  not  always 
endow  the  mixture  with  as  much  activity  as  the  same  amount  of 
hemolysin  woukl  have  in  a  non-citrated  medium.  It  would  seem, 
then,  as  if  the  reactivating  salts  t^imply  increase  the  affinity  of  the 
complex  of  hemolysin  plus  dtrate  for  the  cori?u.scles.  Tbia,  to  be 
gure,  is  the  most  plausible  explanation  of  their  activation  of  such 
complexes  by  Nat'l;  il  does  not,  however,  authorize  us  at  the  pres- 
ent time  to  lay  asiJe  the  possibility  of  a  chemical  nculmlization  of 
the  citrate  by  CaClj. 

Apart  from  this  question  of  the  mcchanL^ini  of  reactivation  by 
GaClj.  we  may  say  that  it  would  seem  that  the  inhibiting  effect  of 
citrate  on  hemolysis  by  biological  agents  is  due  to  the  same  mechan- 
ism as  its  influence  on  the  various  phenomena  that  have  been  studied 
in  the  preceding  fhapters.  There  is  a  very  clear  parallelism  l>pr.ween 
these  twii  classes  of  phenomena.  As  a  result,  we  feci  justifiwl  in 
concluding  from  our  researches  that  the  mode  of  union  ofhiological 
fiemfj!.ijtic  otjerUx  ii'tih  Ted  hlood  cells  would  sct:iti  to  he  tin  nv/si^r/rfrow 
pfimoriietion  which  /s  vjimparable  to  the  on^  that  occutk  helu^etn  red 
bhod  rclh  (r»r  the  alhrr  ^^hataticea  which  tM  liave  xiudted)  arid  iiisol- 
ithle  Sitbshint'em  like  boriiun  Kidphale  or  coUoidal  soltitions  like  masiic. 
\VV  have  <le>!cnb(Hl  ihrse  various  phenomena  of  a^ihesion  between 
rul  bltHMl  celL^i  ami  inwiiluble  substances,  or  Liologit:al  [icrnolysins, 
to  the  present,  as  they  occur  in  siilutions  of  isotonic  solutions  of 
NaCl  or  in  blood  serum.  The  majority  of  these  phenomena  will 
also  take  plaee  in  a  solution  of  saccrliarose  as  well;  the  hemolysis 
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by  eel  senim  and  by  alexin,  linwever,  [!oea  not  occur  under  these 
conditioDS-  We  may  itavii*  a^ide  hemolysis  by  alexin,  inafimueh 
&s  it  is  Icnown  to  be  very  iTiuch  altered  by  d]]ution  in  a  meclium 
wliit'h  is  poor  in  salt>^^  The  Failure  of  hernolysis  by  fel  senirn  in 
a  sugar  metlium  h  not,  however^  due  to  an  alteration  in  the 
hemolysins,  but  to  deprivation  of  salts.  When  we  f.lialyzc  eel 
serum  against  distilled  water  we  find  the  globulins  wliich  are  pre- 
cipitated by  this  treatment  coniftin  no  hemolysin,  but  lliat  this 
substance  remains  intact  in  the  limpid  portion  of  the  liialyzed 
serum.  We  have  found,  moreover,  that  the  reason  thi?,  hemolysin 
does  not  dissolve  red  blood  cells  in  a  s^ugar  medium  is  duo  to  the 
fact  that  under  such  conditions  it  is  not  adsorbed  by  the  cells. 
The  addition  of  salt  to  such  a  inixtureT  however,  brings  about 
a^lhesion  of  the  hemolysin  to  the  cells,  and  their  dissolution. 
When  wc  compare  the  activating  power  of  varioua  salts,  we 
find  that  they  depend  on  the  kation  and  that  the  salts  of  the 
alkali  earths  are  much  more  potent  than  (sorrcsponciing  solta 
of  alkali  metals;  the  activating  atrenj^h  of  the  satt^  increaaes, 
then,  parallel  to  their  flocculating  action  on  unstable  negative 
colloids. 

In  this  cafie^  also,  it  would  seem  that  the  electrolytes  increaj^e  the 
adhesive  property  of  the  particles  of  the  hcmolygin  in  eel  i^erum  for 
corpuscles  by  increa-^ing  their  supcrftcial  tension  in  the  same  way 
that  they  increase  the  a/lhesivc  power  of  the  particles  of  an  unsta- 
ble negative  colloid  for  one  another.*  This  evidently  docs  not  ex- 
plain the  action  of  the  salts;  we  may,  however,  say  that  such 
salts  increase  ttie  a<.lh<.*«ive  power  of  a  suspended  substance  for  other 
sa^pcndctl  substatices  aa  if  they  increased  the  affinity  of  the  particles 
of  such  a  suspendftl  substance  for  similar  imrticles.  It  would  scera 
to  us  as  difficult  to  explain  the  adsorption  on  the  addition  of  salts, 
of  sul)rttance  A  by&ubi^tance  B^and  particularly  of  Ihe  hemolysin 
of  eel  ifcrum  by  red  blood  cclL^  —  as  a  purely  chemical  phenomenon, 
as  it  is  to  explain  the  reciprocal  adhesion  between  particles  of  a 

*  Tbb  phenanjeEiDQ  may  be  compared  vitb  tbe  facta  thitE  have  hnn  m^ntiotied 
by  Njiifle  (Pfliiy  ArcLiv,  fur  Pliysiol,.  1*33,  Vt>L  37)  iiml  by  BayliM  {Biwliem, 
Journu!,  I)  Sasan  found  that  the  adsorplicin  ol  iodine  by  glycogen  k  incrpased 
bysfl-lta;  Bayllffl  dcmoiia Crated  (liat  tbc  coloring  power  of  clectrociepntivc  cdiL>i*tal 
dyc^  for  pnper  U  incrttispd  by  tbe  katioaa  and  inhibited  by  tbe  auioiu,  aud  th&t 
tbf}  mvcrflG  lA  true  witb  declropoaitive  voUoidaE  dyes 
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given  substance,  when  salts  are  added,  by  the  same  method. 
This  adhedvc  power,  which  the  hemolysin  in  eel  seniin  hag  only 
when  eWtrolyes  arc  present,  would  seem  to  exist  norraally  in  other 
6UbstanceS|  either  for  other  suspended  elements  or  for  other  particles 
of  their  own  suspension. 

This  faculty  of  adhesion  whiL'h  is  spontaneous  with  certain  mate- 
rials, and  is  brought  about  only  when  electrolytes  arc  present  in 
other  materials,  ia  combated  by  the  citrate,  which  substitutes  one 
Bflhcsion  for  the  other  adhesions  which  these  subetanccs  may  show. 
The  action  of  the  citrate,  its  mechanism  an<l  the  opposing  effect  of 
electrolytes  are  precisely  the  same  whether  we  study  them  in  distinct 
ailsorption  phenomena,  such  as  the  adsorption  of  one  substance  in 
colloidal  solution  (gum  arabic),  or  in  suspension  (eorpusclea)  with 
an  insoluble  substJince  (bariom  sulphate),  or  when  we  fitudy  the 
hemolytic  phenomena  proiluced  by  the  biological  agents  that  have 
been  studie<l  by  bacteriologists. 


*** 


It  should  be  recalled  in  this  connection  that  Bordet  has  long 
maintained  that  the  neutralization  of  a  toKtn  by  an  antitoxin  is 
comparable  to  the  phenomena  of  <lyeing  rather  than  to  the  ordinary 
chemical  reactions  expresswl  by  equations.  We  cannot  mention 
all  the  facts  that  serve  to  support  this  theor>',  in  this  place,  but  we 
may  recall  that  certain  experiments  led  Bordet  to  postulate  that 
the  doae  of  alexin,  fixed  by  a  given  quantity  of  corpuscles,  would 
vary  according  to  the  initial  mass  of  alexin  that  waa  pn^ent. 
Certain  other  researches  also  led  him  to  the  conclusion  that  a  given 
dose  of  auti-alexin  will  neutralize  variable  amounts  of  alexin  in 
acconlancc  with  the  manner  in  which  the  two  substances  arc  mixed. 
Wc  meet  with  the  same  fact  in  considering  the  neutralization  of 
certfun  toxins  by  their  antitoxins;  this  fact  is  generally  dcscnbett  as 
Danysa'  phenomenon. 

It  was  particularly  on  the  basis  of  the  facts  concemal  in  the 
reactions  of  alexin  with  corpuscles  on  the  one  hand  and  with  anti- 
alexin  on  tlie  other  that  Bortlet  fomied  his  theorj-  of  the  neutral- 
iaation  of  toxins  by  antitoxins.  It  seems  not  without  interest  to 
compare  thU  writor'j^  conceptions  with  the  conclusions  which  we 
have  arrived  at  in  this  work,  io  su  far  as  concerns  the  mode  of 
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reaction  of  the  alexin  on  corpuscles.  We  have  also  been  led  to 
compare  this  reaction  with  the  phenomena  of  molecular  adhesion 
but  arrived  at  this  comparison  in  a  somewhat  different  manner. 
Our  conclusions,  we  believe,  may  also  be  considerecJ  as  an  additional 
experimental  support  for  Bordet's  theory. 


XXm.      THR  PHENOMENA  OF  ADSORPTION  AND  THE 
CONGLUTININ   OF   BOVINE   SERUM* 

Br    DRS.    J.    BOHDEf    and    OSWALD   STRENti. 


One  of  us  \i&s  suggested  a,ncl  tn^ntalnecl  for  some  time  tbo 
f>pimon  that  tbo  phenomena  of  union  of  antigens  with  antiborlit*  in 
serum  ijeloni*  rather  in  the  catef;oiy  of  phorioinena  of  molecular 
adhesion  than  among  chemical  reactions^  properly  epcaking:  in 
other  words,  they  arc  apparently  iwlsorption  piienomena. 

That  the  modifieations  ud  ucrtoin  cells  brought  about  by  specific 
serum  frequently  resemble  phenomena  which  have  no  relation  to  a 
chemical  reaction  both  in  their  general  appearance  ajvl  m  their 
courae,  is  undoubted.  Ten  years  ago  one  of  us  brought  out  the 
faet  that  hemolysis  by  an  active  scrum  obtained  by  immunizing 
aniniala  against  the  blcoii  of  a  forei^  species  resctnblca  in  certain 
rcspeets  the  hemolyisis  ]>roduced  by  dl'^tillai  water;  in  Iwjth  instances 
the  stromata  persist  and  the  hemttglobln  is  unaltfral;  when  oval 
corpusclea  are  affected  they  become  spherical  and  swell  up  before 
lo^ng  their  coloring  matter,  A  still  more  striking  analogy  waa 
noted  shortly  aftcrwan] ;  the  agglutination  of  bacteria  by  normal 
scrum  or  specific  serum  takcfl  place  only  in  presence  of  a  salt ;  and 
ihc  Hocculation  which  this  electrolyte  brings  about  in  bacteria 
that  have  been  previously  treated  with  serum  is  very  comparable  to 
the  edecl  pn.Klucet!  by  the  same  electrolyte  on  a  su-stie-U-sion  of 
clay  or  colloidal  emulsions  like  mastic.  This  fact  gave  rise  to  the 
idea  that  we  should  doubtlesf*  bo  able  to  obtain,  by  immunising 
animals,  sera  capable  of  flocculating  hnely  suspended  organic 
aubfttannes,  or  albuminoid  aulwtances  like  casein,  and  led  to  the 
discovery  of  "Mactoscrum,"  that  is,  the  immune  serum  of  aniumlH 
that  have  l)eeu  treated  with  injections  of  milk,  f 

■  Lm  ph^com^nea  d'aLoorption  ct  lu  eoijulutinmc  du  fi*ruin  de  tueuf,     Cett- 
rrallJnu  filr  Raklfriologje,  1st  Abl.  OHg,  Vol,  49,  1909,  p.  260- 
r  Bordet,  p.  1&5, 
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We  recognize  that  these  facta  wore  indicative  simply  and  were 
not  an  nosolutc  demons tralion.  Ai^  concerns  the  phenomenon  of 
agglutination,  Bordet  noted  tlint  it  takes  place  in  two  duftinct 
phases:  during  the  hrst  a  complex  is  formed  by  the  union  of  the 
BpKlutininmththe  bacteria;  in  the  second  thesalt  precipitates  this 
complex.  In  the  analogous  instancea  of  clay  Hocculatiou  wc  have 
to  deal,  then,  with  the  aecond  phase  only  and  obtain  no  light  on  the 
mode  oF  union  of  the  agglutinin  with  the  receptors  of  the  bacteria- 

The  presumptiona  that  we  deduced  from  these  preliminary 
observatioa^  led  to  researcliea  on  molecular  adhcaion  which  soon 
brought  out  serious  experimental  coDfinnation&.  In  comparing  the 
fixation  of  hemolysins  on  corpuscles  with  the  adsorption  of  aiialin 
dye  by  filter  paper.  Bordet  mentioned!  as  an  aualogy  that  the  cor- 
puscles do  not  fix  the  active  substances  acconiing  to  the  law  of  defi- 
nite proportions.  Thus  we  find  that  a  given  volume  of  hemolytic 
penim  destroys  a  larger  amount  of  corpuscles  when  they  are  added 
to  it  in  a  single  dose  than  when  they  are  added  in  successive  divided 
doses  at  relatively  long  intervzds.  If  the  seconil  nietluxi  is  used  it 
is  eviileiit  timt  ihr  fin^t  cor^mm^les  become  overladen  with  active 
principk^  aiid  momnwliae  a  larger  amount  tlian  is  necessary  to 
hemolyze  them,  thus  leaving  less  for  suljsequentlyadded  enrpusclea. 
In  the  samp  waj'^if  a  leaf  of  filter  paper  is  placed  in  a  given  aujouiit 
of  niethy leu £!-l)lue  solution  it  takes  a  uniform  color  of  a  given  inten- 
sity. But  if  a  piece  of  the  same  s.ze  is  fin^t  cut  up  into  small 
pieces  and  these  pieces  introduced  at  intervals,  we  find  that  the 
first  of  them  stain  deeply  and  the  last  ones  find  no  color  lefL 
The  same  experiments  were  made  with  the  same  result  by  DanysB 
with  riein  and  antiririn,  by  Rimtet  with  alexin  and  anti-alexiti,  and 
by  von  Dungem  with  diphtheria  loxin  and  antitoxin;  the  neutral- 
izing dose  varies  depending  on  whether  the  toxin  is  added  in  a 
fiingje  or  in  several  doses.  The  same  conclusion  may  be  drawn 
with  agglutinbis  nnd  bacteria,  as  Craw  lias  shown.  We  do  not 
wish  to  insist  at  this  point  on  the  ob™us  interest  brouglu  out  by 
the  fact  that  toxins  unite  with  antitoxins  in  variable  proportions.* 

The  analogies  between  phenomena  brought  about  by  sera  and 
iho^  due  to  substances  which  certainly  do  not  act  chemically, 

*  Consult  on  this  subject  the  former  article  od  the  mode  of  Action  of  a.ntitoxiria 
OD  toxins,  p.  '2^. 
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but  by  propeniofl  of  wlhf^bn.  have  Ixi^n  vpry  irv^tnirfive.  The 
aggluLinatioa  arwi  ht^nioly^Ls  of  reil  bl«xl  cell"*  lay  barium  sulpliatc 
(GBugoul,  by  silicio  acul  (Landsteiner  autl  .lagif),  and  similar  fat'lJ^i 
brought  nutr  by  rtwearches  of  many  writers  on  coUniJsj  gave  greater 
anil  greater  im[>ortftii[!(?  In  tho  eRect  of  a^iht-sioii  in  the  reactiuns 
beLween  antisera  anil  their  antigen.'^. 

In  hetrjolysis  in  particular,  the  phenomenon  of  alexin  kbsorptioQ 
by  eorpiiseles  Iwlen  witfi  seositizt-r  (amboceptor)  ha*?  given  rise  t^ 
itifiTit  active  cootrtiversic^.  Thesetisitiying  tliL'ory  of  Tkmli't  con&iists 
esseuttally  iu  the  conception  that  the  fiensitizer,  wliich  possesses  in 
itaelf  no  pariicular  affinity  for  the  alexin,  fomri,  by  uniting  wilh 
certain  substances  in  the  corpuscle,  a  complex  entlowed  with  pro|>- 
erlies  of  molecular  adhesion  for  the  alexin  which  are  not  posse&Btil 
by  the  normal  corpuscle.  The  corpuscle  that  has  been  modified  in 
this  manner  would  seem  to  acquire  the  property  of  adsorbing  alexin, 
of  manifesting  an  avidity  which  may  be  comparwl  to  that  which 
occurs  in  the  fixation  of  fibrinogen  or  other  albuminous  sut^stancea 
by  chemically  in^rt  particles  (for  example,  barium  sulphate)  or  to 
the  union  of  diphtheria  toxin  with  precipitates  of  calcium,  etc.  As 
we  know,  this  point  of  view  differs  from  the  amboceptor  theory  of 
Ehrlich,  in  accordance  with  which  this  antibody  owes  its  interme- 
diary function  to  the  fact  that  it  possesses  in  il-'^  molecule  two  com- 
bining atom  groups:  one (complemenlophilic),  which  unites  with  the 
alexin,  and  the  other  (cytophiiic),  which  combines  with  the  corpus- 
cle. We  f;hall  not  take  up  at  this  point  a  general  discussion  of  thc30 
thporieSf  which  one  of  im^  in  collaboration  with  Dr.  Gay  has  recently 
considered;*  we  may  recall  that  no  experiment  has  ever  ahowuj 
that  sensitizer^i  can  unite  with  alexin  in  absence  of  antigens.  Suel 
a  combination  under  certain  conditiona  has  been  aascxtcd  by  lihrlieh' 
and  Sachs, t  a.^  a  result  of  their  ivtearches  on  the  hemolysis  of  guinea- 
pig  corpuscles  by  horse  serum  to  which  bovine  serum  has  been 
adde<l. 

Bon.ict  and  Gay  t  undertook  two  years  ago  the  study  of  thia  iiwl 
stance  of  hemolysL'^  and  arrived  at  the  conclusion  that  Ehrlich  and-. 
Sachs'  interpretation  is  incxacL     Their  conciliation,  in  turn,  haa 

•  Sec  p.  3i)S. 

t  See  Studies  od  Immunity,  Ebrlioli-BoMuaD,  Wiley  k  Ca,  p.  209. 

t  See  p.  3(>:i. 
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been  objected  to  by  Sach:^  and  Bauer* who  maintain  integrally 
the  opinion  that  was  advanced  by  Ehrlieh  and  his  collaborator. 
We  feel  lod,  therefore,  to  return  to  thi<;  quej^tion,  wliieh  appears  to 
us  to  pre:>ent  more  interest  than  mi^ht  at  firt^t  be  pre-siimed,  on  the 
general  problem  of  the  aetion  of  pera  and  particularly  on  certain 
of  their  praetieal  applieations, 

Wc  may  recall  the  facts  briefly.  Ehrlieh  and  Sacbi  noted  that 
guinea-pig  red  corpuscles  remain  intact  in  fresh  horse  serum,  but 
are  readily  hemolyzeil  by  a  mixture  of  this  Eerum  with  bovine 
serum  that  has  previously  been  heated  to  56  degrees,  which  fact 
gives  rise  to  the  aiipposition  that  there  h  a  strong  amboceptor  in 
bovine  serum  which  alLuwrs  the  corpuscles  to  ftx  horse  alexin  and 
be  hcmolyzed  by  it.  But  Ehrlieh  and  Sachs  found  in  adilitioii  that 
if  the  corpuscles  arc  placeil  in  contact  with  hcalcii  l>ov"ine  serum 
and  subsequently  centrifiigaliaed  U>  remove  this  serum,  and  fresh 
horse  serum  is  then  added,  no  hemolysis  appears.  It  would 
seem  as  if  the  bovine  acasitiaer  require*!  the  presence  of  the 
horac  alexin  in  ortler  to  become  fixt\i  on  the  corpuscles.  A  fact 
which  seems  to  confirm  this  iilea  is  that  heated  bovine  senim  that 
hflfi  been  previously  treated  with  a  large  quantity  of  guinea-pig 
corpuscles  (which  latter  are  then  removeil  by  ceutrifugalizing) 
does  not  act  as  if  it  had  been  deprived  of  this  amlxfctptor.  It 
is  able,  indeed  to  form  a  hemolytic  mixture  with  fresh  horse 
serum,  which  destroys  fresh  guinea-pig  corpuscles.  At  least  this  U 
Ehrlieh  and  Sachs'  interpretation  of  the  experiment.  Thi?-  opinion 
is  translateil  InUi  words  which  conform  better  with  their  theories 
by  saying  that  the  cytfiphilir  gnmp  of  the  Ijtwlne  anilx>ceptnr  is 
not  able  tAi  react  with  the  coqju.scle  milcfss  the  complementophilie 
group  has  previously  satisfieil  its  affinity  fur  alexin.  The  mutuitl 
relation  between  corpuscle,  alexin  and  si-nsitizer  would  sepm,  In 
the  present  instance  to  be  unusual  because,  in  deaUng  with  the 
majority  of  hemolytic  sera,  vre  fim.1  that  the  corpusclps  abrtf»rb 
the  sensitizer  without  the  presence  of  alexin, 

Boniet  and  Gay  in  their  study  on  this  subject  were  \f<\  In  quite 
different  conclasions.  Bovine  serum  possesses,  in  Uieir  o|iiui<in, 
distinct  properties  which  are,  however,  quite  different  fmm  those 
noted  by  Ehrlieh  and  Sachs.     Aeconling  to  Boniet  and  Gay^  there 

*  Arbeittiu  mis  dem  K,  Iiust,  fQr  e^per.  TUerapie,  1907. 
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is  present  in  bovine  serum  a  particular  substance  which  is  neither  an 
amboeeptcir,  an  agghitinin,  nor  an  alexin,  and  which  consequently 
differs  from  ihe  active  substances  that  have  been  previously  recog- 
nized in  studies  on  immunity.  This  subKtanee  ha.s  the  property  of 
combining  with  corpuacle^  that  have  alrea^ly  been  latlen  with  sen- 
sitizer an<l  alexin,  anj  tht;  comliination  generally  fa^'ors  hemolysis. 

Two  preUminary  ifioas  arc  uere^sary  in  onier  that  the  facts  may 
be  clearly  understood.  Tha  firet  is  that  hoisc  alexin  is  very  weak 
in  so  far  a^  producing  hemclyeia  Ls  concerned.  Corpu'^cles  that  have 
been  strongly  sensitized  by  a  heated  immune  serum  iihow  little  or 
no  hemolysis  on  the  atldition  of  horse  serum,*  Consequently, 
when  horse  alexin  ia  used,  au  absence  of  hemolysis  does  not  prove 
that  the  corpuscles  coneemed  are  not  i^ensitizeilT  that  is  to  Eay, 
have  not  hxerl  the  amboceptor. 

The  second  point  is.  that  fresh  home  serum  contains  a  relatively 
strong  amboceptor  for  guinea-pig  corpuscles  which  prot^luces  a  good 
aJexin  fixation.  The  fact,  then,  that  fresh  hon^e  scrum  does  not 
destroy  the  corpuscles  ia  not  due  to  it^  lack  of  sensitizer,  but 
cause  iV*>  alexin  h  incapable  of  hcmolyiing.  If  this  alexin  is  replaced 
by  another,  ior  example,  if  fresh  guinea-pig  serum  is  addeil  to  the 
mixture  of  guinea-pig  corpuscles  and  horse  senim,  hemolysis  takes 
place.  We  are  forced,  then,  to  aflmit  in  Ehrlich  and  Sachs'  experi- 
ment, whii:h  consist?*  in  mixing  fre.sh  horse  serum  anil  hralinl  l^jvine 
MTum  with  guinea-pig  eorpusrles,  the  presenneof  twi>  aniUMH'i>t<irs, 
bovine  anr!  horse,  both  of  which  pnxluce  a  sensitization,  but 
either  one  of  whiuh  suffices  tn  produce  the  result.  Either  one 
of  these  amixieeptors  may  imieetl  be  used  alone  without  ehanj^ng 
the  result  of  the  experiment.  This  fact,  to  be  sure,  is  scarcely  accept-' 
able  to  Ehrlich  and  Sachs,  accnnling  to  whom  the  amboceptor  in 
their  e\perinient  is  fumishiil  eTitirely  by  The  Ixivine  serum.  And 
wlien  thesp  authors  fiiut  <m  treating  Ixivlne  senini  with  guinea-pig^ 
Cor|iuscles  that  the  serum  still  retains  its  projjorty  of  rendering  horse 
Benini  hemolytic  for  now  cort.'iu.sulej^,  their  rnndusioii  is,  as  we  have 
Been,  that  the  bovine  amboceptor  bas  remained  free  in  spite  of^ 
contact  wth  the  corpuscles, 

*  For  t^xaaipiu.  Lmviitc  curpuscli.-^  s«Lis!tUHl  hy  mbliit  uiitibovine  immuDe 
B^rum.  The  liemo1yti«  neaknew  of  horse  al^xio  is  not  the  eamo  n'ith  all  specie* 
of  corpuscles. 
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The  interpretation  of  Boixlet  and  Gay,  on  the  contrary,  is  the 
folic  wing : 

The  contact  with  the  corpuscles  has  deprival  the  bovine  serum  of 
its  amboceptor;  this  amboceptor,  however,  may  be  replaced  by  ihe 
eenaitizer  in  horse  scrum,  which  latter  eenim  also  furnishes  (he 
alexin.  Under  these  conditions  the  bovine  aenirfi,  which  still  re- 
mains necessary  for  hemolysis,  act*  only  on  account  of  the  peculiar 
subntant^e  which  it  possesses,  which,  as  we  have  just  scen^  i&  neither 
amboceptor  nor  alexin,  but  endowed  with  the  peculiar  characteristic 
of  allowing  horse  alexin  to  protiucc  hemol>'sis. 

We  may,  for  the  aakc  of  cicamcasj  explain  this  idea  somewhat 
more  fully  before  recalling  the  experinicnta  which  proved  its 
exactness.  This  particular  substance  in  bovine  scrum  which  resists 
heating  to  bij  degrees  and  which  for  aimpiieity  BonJct  and  Gay 
called  "bovine  colloidal  substance"  does  not  react  with  normal 
corpuscles;  it  unites  only  with  corpuscles  that  have  been  laden  both 
with  amboceptor  and  ale.Kin, 

This  miion  or  adsorption  of  the  particular  aubstance  in  question 
by  sensitiBcii  and  olexiniaed  corpuscles  is  accompanied  by  visible 
raonifft^tations;  the  corpuscles  on  uniting  with  this  substance  are 
energetically  agglutinated  and  become,  with  certain  exceptions 
which  we  nhaU  later  mention,  more  a|»t  to  hemclyze.  This  phe- 
nomenon of  agglutination  of  the  coqiiLsclea  into  large  clumps  in 
Ehrlieh  ami  Sachs'  experiment,  although  extremely  charactenstie, 
was  apparently  not  notwi  by  tluwe  investigators,  who  were  mure 
intensLed  iu  the  hemolysis.  Heated  Vxj vine' serum  alone  aggluti- 
nates guinea-pig  eoqjuscles  only  feebly;  horse  serum  aggluliurttes 
them  belter,  but  rather  slowly.  A  mixture  of  the  two  sent,  how- 
ever, brings  about  in  a  very  few  moments  an  extremely  marked 
clumping  of  large  masses  of  corpuscles,  which  hood  afterwartl  lose 
their  hetnoglobin. 

Bonilet  and  Gay's  explanation  of  this  is  then  quite  evident;  the 
corpuscles  in  such  a  mixture  fix  first  the  bovine  and  horse  ambocep- 
tors and  Then  the  alexin  *  A  certain  amount  of  time  is  necessary  for 
this  to  lake  place,  but  as  soon  as  the  corpuscles  become  laden  with 

*  III  would  be  Tery  difEoult  to  ieGDB  the  proporLiomt  in  wtiich  eaoh  of  thesa 
tivo  BfiifL[izi?E-3  in  fixod;  i1  is,  moreover,  of  little  impoTtaooQ.  The  essential  (act 
ia  lo  rccogaiu  that  ciiber  of  Lbcm  will  buffioe  to  acuaitiae. 
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th^e  substances  they  are  then  m  a  position  to  unite  with  (he  biivlrLe 
colloid,  which  dumps  them  arid  renderfi  them  more  TsuscciJllble  to 
hemolysis.  The  secoml  a.ssertioii  of  Bordet  Hml  Gay,  to  which  we 
have  already  referred,  is  that  bovine  st^nmi  [irpsenLs  no  abnormality 
so  far  as  its  amboceptor  is  concerned.  This  scnsitieer  is  nble  to 
UDJte  with  the  corpuscles  when  the  alexin  is  absent,  contrary  to  t!ie 
opinion  of  Ehrlieh  and.  Sachs.  Heated  bovine  serum  that  has  l>eea 
subjected  to  a  large  amount  of  guinea-pig  eorpusGlcs  still  acts  as  if  it 
had  lost  no  essential  element  because  its  colloid  has  been  retained. 
Tills  is  due  to  the  fact  that  the  corpuscles  used  to  absorb  the  serum 
were  not  aiexiniaed  and  consequently  could  not  combine  with  the 
colloid.  Sucih  a  treated  serum,  however,  has  logt  its  amboeeptor, 
But  inasmuch  as  this  lack  may  be  replacetl  by  the  senaiti2cr  in  horse 
serum,  a  mixture  of  bovine  serum  treated  in  tliis  manner,  of  fresh 
horse  scrum  and  of  guinea-pig  corpuscles,  acta  almcet  exactly  as 
when  intact  bovine  serum  is  used. 

It  is  neficsf^ar>'  to  explain  these  matters  rather  in  detail,  inasmuch 
as  the  mechanism  in  the  experiment  under  consideration  is  rather 
complex  ami  must  be  attentively  tx)nsidcr<xL  Many  similar 
experiments  have  been  offered  by  Bonict  and  Gay  to  demon- 
strate the  function  of  this  bo\"ine  colloid  substance  clearly.  If 
we  take  washed  bovine  corpuscles  and  atkl  to  them  a  mixture  of 
fn-flh  horac  serum  and  heated  bovine  scrum,  nothing  occurs.  But 
if,  in  a  similar  experiment,  wc  use  sensitized  bovine  corpuaclca, 
wc  find  that  they  become  violently  agglutinated  and  arc  then 
hetnolyBeil.  Thia  phiniomcnon  is  quite  identical  ^nth  the  one  in 
Ehriich  ami  Sacha'  experiment  on  giunca-pig  corpuscleSi  In  both 
instances  bovine  serum  is  necessary;  neither  the  bovine  corpuscles 
nor  the  guinea-pig  corpuscles  are  distinctly  altered  by  the  horse 
serum  alone.  In  the  experiment  with  bovino  corpu^sides,  however, 
it  cannot  be  asserted  that  tlie  bovine  serum  acts  as  an  ambticeptor. 
It  must  certainly  act  on  account  of  theparticularcolioiilal^ubstanee. 
Since  it  is  indispensabie  that  such  corpuscles  should  be  sensitised 
anil  tliat  alexin  should  Ix.*  presmt,  Uk'  only  possible  conclusion  to 
be  drawn  is,  that  corpuscles  that  have  been  sensitized  and  alexlnizeil 
art*  then  eatable  oF  uniting  with  Ixjvine  colloid,  which  substance 
brings  about  clutuping  ami  hemolytic  resull*i,  Tbe  objection  may 
be  raised,  as  indeed  Sachs  and  Bauer  have  done  in  their  article, 
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that  iQ  this  experiment  with  bovine  corpusclca  certain  unexpected 
reactions,  such  a3  ccrtmn  anticomplcment  effects,  may  take  place 
between  the  bo^^nc  scrum  axiil  the  horse  eerum.  This  objection, 
however,  can  scarcely  be  maintainctln  inasmuch  as  the  horse  serum 
maybcreplacedby  any  other  aJcxic  serum  without  any  change  in  the 
result.  The  experiment^  indeed,  becomes  simpler  if,  as  Bordet  and 
Gay  have  done^  we  add  simply  fref^h  bovine  serum  Ui  sensitised 
bovine  corpuscles.  Hemolysis  appears,  which  ia  not  surpris'mg, 
butit  ifi  preceded  —  and  this  is  the  particular  point  tobenoteti  —  by 
an  extremely  energetic  agglutination  which  characterises  the  union 
of  the  cirlloidal  substance.  This  phenomenon,  moreover,  is  another 
indication  of  the  phenomenon  that  has  been  previously  noted.  In 
the  last-mentioned  experiment  bovine  serum  acta  in  two  ways: 
both  OS  a  complement  nnd  as  a  colUiiil.* 

May  the  somewliat  vague  name  of  colloidal  substance  be  still 
employed  to  des^iguat^  this  active  subHtance  in  bovine  serum? 
Bonlet  and  Gay  made  use  of  it  only  provisionally.  A.s  we  know^  this 
coUoid  is  ab;?orbed  by  various  corpuscles  provided  they  be  sensitized 
and  alexin) zeil,  and  the  union  is  indicated  bya  very  evident  phenom- 
enon of  agglutination  in  large  masses.  This  colloidal  substance 
should  not  be  eonfoundetl  with  the  ordinary  agglutinins  and  yet 
should  be  designated  mth  some  name  that  suggests  the  fact  that  it 
produces  agglutination.  For  this  reason  we  propose,  from  now  on, 
to  give  the  name  of  *'conglulinin''  to  this  substance  in  bovine 
serum,  anti  to  refer  to  the  agglutination  which  it  produces  aa 
"  conglutination," 


bection  i 

Sachs  asd  Bauer's  Objection3, 

Bordet  and  Gaynaturally  brought  forward  numerous  proofs. which 
we  cannot  reproduce  here,  to  support  their  interpretation.  These 
pniofa  will  be  found  in  the  previous  article  of  190(».  We  wish  at 
ihB  time  to  offer  certain  new  arguments,  which,  in  addition  to  the 
previous  ones,  permit  us  to  refute  the  objections  that  have  been 

*  Mulr  and  Browoiagt  Journal  uf  Hygiene.  Vol.  G.  pitge  20,  aottil,  indep^ii' 
denti)'  of  B<jnJift  and  Gay,  that  mbbit-aatibovina  BeruEa  wbeo  added  to  bovitio 
blood  produce  a  markefi  igglutioatioQ  of  the  corpu^lnt,  ia  producing  nbicli  tbe 
presence  uf  alwa  U  ueccssary. 
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offered  by  Sachs  and  Bauer,  and  also  offer  further  infonnatioc  on 
the  properties  of  the  eonglulinin. 

No  corapflris^on  bt^tweeu  onlinary  agglutinins  and  the  conglutinin 
is  necessarj".  Tlic  two  subrtant^'s  arc  evidently  different.  Agglu- 
tinins have  no  need,  for  their  action^  of  sensitized  and  aJexiniac*! 
uorpuKcles,  as  doerf  the  conglutinin.  In  the  experiment  that  has 
juet  been  mentioned^  that  isi,  the  agglutination  of  tcn^itizeii  bovine 
corpuaciea  by  freeh  bovine  scrum,  it  is  evident  tJiat  wc  are  not 
dealing  with  an  ordinary  agglutinin^  It  i^,  however,  interesting 
to  compare  the  developmctit  of  the  two  isbenomena  by  abiding 
bovine  j^enun  to  two  different  species  of  corpuscle:^,  one  of  which  it 
agglutinates  and  the  other  of  which  it  conglulinatcs.  Guinea-pig 
ard  horse  red  blood  cell*,  r<^speetively,  fulfill  tho^c  conditions- 
Wc  may  coneiider,  in  the  first  place,  the  agglutinating  effect:  to 
two  tubes  containing  I  c,c-  oF  salt  t^olution  and  0.1  of  a  eubic 
centimeter  of  heateil  bovine  ^erum,  we  iM  0.05  of  a  cubic  centimeter 
of  wa*hei.l  blood  either  from  the  guinea-pig  or  the  horse.  The 
guinea-pig  iioqiuscles  are  not  markeilly  agglutinated,  those  of  the 
hon^e  are  ra|iidly  agglnlinatevl;  in  this  case  we  are  tiealing  with  an 
onlinjtry  agglutinin.  Wf  may  then  ennsider  the  conglutinin.  that 
is  tfi  say,  In  a  shndar  experiment  we  mayemploy  frc^^h  Ijnvine  iseruin 
instead  of  heaterl  bovine  serum.  The  horse  rorpuaeles  act  just  as 
they  do  wilh  lit;ated  senim  ■  there  is  rapid  agglutinftiion  of  a  similar 
inteiVity,  but  no  n'al  conglutination  ap]>L'ars.*  The  giiioEa-pig 
cor|>uacles  show  no  iminHii&te  agglutination  any  more  than  with 
the  heated  =;crum.  After  10  or  1-5  rnrnLitcs  conglutination  appears 
and  the  corpuscles  collect  into  large  clumps  which  gradually 
hemolyze.  It  is  to  be  not«l  that  although  a  certain  amount  of 
time  is  necessary  for  the  fixation  of  the  alexin,  the  clumping  bjri 
(he  conglutinin  is  much  more  marked  than  that  by  the  ordinary] 
agglutinin. 

We  may  now  consider  Sachs  and  Bauer's  objoetiona : 
{a)     These  authors  coasider  Bonlet  and  Gay's  interpretation 
ioacceptable  since  it  necessitates  the  oduilssion  of  a  new  substance, 

■  Tbifl  ia  due  to  the  fact  tliat  tbcy  do  not  fix  the  alexin  sufGcicatlj,  ot^  ld 
Dtlier  norde*  to  iUc  fact  tliuC  IIid  liovine  »enjm  is  not  aufliciontly  aensitiamfi 
for  borae  corpusrles.  A:*  3trenj^  \m^  E^liown  in  hiH  niPTikoir  on  Ihi!  atiliconiple» 
mpnt  (XflitBChnft  filr  ImmunitnleiorBohiiiig,  vol.  1),  horae  poqmseles  nre  perfocUy 
veil  cnnglutinnt^^d  by  (rceh  bovino  acruDi  vrhDH  tkcy  liu^o  provioiuly  bWQ  Asa- 
Bitued  by  n  tipcci&c  inuuune  serutn. 
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tlie  coQglutinin,  in  the  bovine  scrum,  whioh  has  never  been  dc- 
scribal  in  other  sera.  But  sls  we  know,  bovine  acrum  is  in  itself 
rather  unuaaal  anil  why  ahoukl  not  the  effect  that  it  producer  be 
likewise  so?  Ehtlich  and  Satihs'  theory,  moreover,  is  also  rather 
exeeplionai  inasnmch  sls  it  presupposes  that  a  sensitiser  does  not 
unite  with  the  corpuscles  when  the  alexin  is  absent. 

(h)  Baeh-s  and  Bauer  T?eeni  it*  vtmsuli^r  it  axiomatic  that  the 
pnuperties  of  agglutination  and  hemnlyais  cannot  beattributi*tJ  to  a 
single  substance.  Gengou,  as  weknow^  hasnoterl  thai  asLi^[jensii>n 
of  barium  sulphate  will  agglutinat*;  and  heniolyze  nxl  hliHxl  cells. 

(c)  In  llK'irfinticismof  our  work  our t^oiitnuiietorsconcem  them- 
selves only  with  the  hemolysif*.  They  inaki.'  ikj  attempt  to  t-xplain 
the  rnarkeii  dumping  of  the  corpiLscles  and  do  not  mention  whether 
they  consider  our  interpretation,  at  husi  iu  so  far  a^  this  conglutl- 
DBtion  is  concerned,  as  admissible. 

(d)  Sachsand  Bauerinsistytronglyonthofactthathealed  bovine 
serum  is  eapable  of  setiriitizing  guinea-pig  eorpuscles.  We  know 
this  fat!t  and  have  never  denied  it,  Wf*  have  simply  said  that  ia 
the  Ehrlich  am!  Sachs'  mijcture  the  bovine  seasitizer  is  uoneceseary 
on  account  of  the  presence  of  a  similar  stronger  subetanco  in  horse 
serum. 

(e)  The  activity  of  heated  bovinesenim  is  due  to  the  fact,  accord- 
ing to  Bordel  ant!  Gay^  that  sensilizecl  and  alexicuaed  corpui'clea 
absorb  the  eonglutinJn.  For  example,  if  bovine  corijuscles  are  sen- 
sitized with  a  specific  immune  serum  from  the  rabbit,  subsequently 
treated  with  horse  alexin,  and,  after  being  carefuUy  washed,  heated 
bo\"ine  scrum  is  addetl,  this  latter  serum  loecs,  if  not  all,  at  lea^t  part 
of  its  conglutinin  and  becomes  much  less  able  to  form  a  nongluti- 
nating  and  hemolytic  mixture  with  horse  alexin  either  for  bovine 
corpuscles  or  for  guinea-pig  corpuscles.  Bordct  and  Gay  have  made 
this  assertion.  The  experiment  is.  however,  denied  by  Sacfi^  and 
Bauer, 

We  are  dealing  here,  not  with  an  interpretation,  but  with  a  fact, 
and  we  ia^isl  on  its  accuracy.  In  the  same  way  Sachs  and  I3auer 
say  that  guinea-pig  corpuscles  that  fiave  bten  treated  wttli  fre.sh 
horse  scrum,  then  washed  and  mixed  with  heatH  bovine  senim,  do 
not  deprive  this  latterof  its  activity.  We  have  repeateil  this  exj>er- 
iment  with  different  results;  to  besure,  we  have  taken  pains  to  use  a 
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much  larger  quantity  of  aJexinizeU  guinea-pig  corpuscles  than  they 
in  order  to  exhaust  the  bovine  senini.  And  we  find  that  bo%'iDe 
eerum  treated  in  this  manner  beromes,  if  Dot  absolutely  inactive, 
much  less  active  than  Ix^fore  treatment. 

In  inttrpreting  such  experinienta  it  is  well  to  note  tliat  heated 
bovine  serum  acts  in  a  very  small  dose.  A  trace  of  serum,  for  ex- 
ample^  0.01  of  a  cubic  ccntimftcr^  on  aildition  to  a  mixture  of  0.5 
of  a  cubb  centimeter  of  salt  solution,  0.3  of  a  cubic  cent.inieter  of 
fresh  horee  serum  and  O.O.j  ofa  cubic  centimeter nfgiiinua-pigcoqjUH- 
clfs,  proJuces  ilir^tinct  conglutination  follnwe<l  by  a  certain  amount 
of  hemnlysis.  Wht-n  we  uoji?<ider  that  bovine  semm  work*;  in  such 
fimall  doses  it  is  easy  to  coneeive  how  difficult  it  is  to  deprive  it 
entirely  uf  its  aetive  substaiiee.  the  eongUitinirL  To  obtain  sueb 
distinct  renults  une  shouki  use  much  mure  Ijlotxl  than  do  Sachs  and 
Bauer.  It  is  also  necessarj-,  particularly  in  the  experiment  with 
bovine  corpuscles,  that  the  blood  should  be  sensitized  and  alexin- 
ize*t  suificiently,  • 

The  details  of  such  an  experiment  with  guinea-pig  corpuscles 
follows ; 

In  each  of  two  tubes,  A  and  B,  is  placed  1  c.c,  of  washed  guinea- 
pig  blooil.  To  tube  A  is  abided  20  c.c,  of  salt  solution  ami  IJ  c.c.  of 
horse  serum.  An  hour  later  the  corpuscles  are  waj^hed,  twice  oen- 
Irifupalized  and  the  supernatant  fluids  decanted;  2  c.c.  of  ecdt 
solution  plus  U-3  of  a  cubic  centimeter  of  heated  bo\"ine  serum  Is 
a<.lrlHl  to  each  sediment.  An  hour  later  tho  mixtures  are  centri- 
fugalizctl  and  tlic  rtujx'matant  fluids  A  and  B  decanted.  Another 
mixture  (C)  U  prcpartxi  containing  '2  e.c.  of  salt  aclution  plus  0.3 
of  a  cubic  centimeter  of  bovine  serum.  5ii  degrees. 

In  three  tubes,  **a,"  *'b/'  *'c,"  are  plactid  I  c.c.  of  each  fluid,  A^ 
B,  and  C  respectively.  To  each  tube  there  ia  then  sAdtsl  U.;i  of  a 
cubic  centimeter  of  frcah  horse  serum  and  0,05  of  a  cubic  centi- 
meter of  waehetl  guinea-pig  blood,  and  the  tubes  arc  placed  in  the 
incubator.  The  result  is,  that  in  8  or  10  minut^^  ''c"  and  *'b" 
show  strong  agglutination:  there  ia  scarcely  visible  agglutination  in 
'*a' '  in  20  minuter^.  In  a  half  hour,  agglutination,  very  slight,  and 
hemolysis,  scarcely  vir^ible  in  "a,"  strong  agglutination  and  hemoly- 

*  This  ia  prov©l  by  the  fncl  that  euph  cnrpiiaclp-*  show  no  ^gghitinfllion  and 
heiDcilyuis  in  the  rnixiurr-  oi  heiited  bovine  ^nun  :ind  horse  olefin  iinleSiS  lh«y  are 
etmngly  seOflitiLed, 
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Bifl  in  "b,"  and  strong  agglutination  and  almost  total  hemolysis 


(/)  Sachs  and  Bauer  take  great  paina  to  interpret,  in  hamiony 
with  their  own  ideas,  Bonlet  and  Gay^s  experiment,  whieh  shows 
that  bovine  coqju^eles,  provided  they  beaeusilizeti,  are  enngJutlha- 
ted  ani.1  liemrilyaul  by  a  mixture  of  fn.\sh  horse  serum  and  healed 
bovine  scrum,  tliat  is  to  say,  that  they  acit  just  as  guinea-pig  corpus- 
cles do.  Tliey  t'onceivL'i.jf  lifjrsesnnim  as  pontaining  several  comple- 
ments, certain  ota^  of  whith  are  [icutraUKed  by  the  bovine  serum, 
whereas  eertaui  others  are  oot;  as  we  know,  the  Ehrlieh  school  has 
no  hesitation  in  multiplying  the  activo  subsianeea  in  serum.  We 
believeit  quite  useless  to  foJJow  Sachs  and  Bauer  in  their  hypotheses 
concerning  the  peculiarities  of  horse  semm  and  the  reason  that  in 
the  experiment  in  question  the  horse  serum  may  be  replacal  by  any 
other  alexin,  for  example^  by  bo\"ine  alexin  itself,  without  any  effeet 
on  the  result  *  As  we  have  ala*a<.iy  noted,  when  sensitized  bovine 
eoqjuscles  are  added  to  fresh  bovine  serum,  the  hemolysis  is 
precede(.l  by  an  inlenee  and  characteristic  conglutination.  The 
evolution  of  the  reaction  is  at^olutely  the  same  in  both  instances, 
and  it  is  therefore  clear  that  the  mixture  of  fre^h  horse  serumi 
(alexin)  and  bovine  serum,  50  degrees  (conghitintn)^  acts  exactly 
the  same  as  does  freth  bovine  serum  (conglutinin  plus  alexin)- 
Certflio  of  Sachs  and  Bauer's  cxperimcnlfl,  moreover,  in  this  part 
of  their  article  contain  important  experimental  crrors-t 

■  Bordet  and  Gay  have  nlm  iwpritxMl  Pcrtain  eiperiraetits  in  which  guinea-pig 
&Icxia  ia  employed.  For  oxajupLa  Boosiliiscd  guinci-ptg  corpiiacl^e  are  only  hIqwI/ 
hemoly^ed  by  a  aiualL  dutt;  of  Tn^h  Koi'^^-^'^'K  :wruiu.  U  a  liltle  bovjiio  tK.'runi  is 
Added  to  Ihig  fnixlure,  hfJWeVGT.  the  liemolysis  id  niarkelly  aPecJenL[4?fi  and 
energetic  con^lutuiatioa  takes  placo, 

t  For  example,  la  tahk  13  of  their  ixismuu-,  Baiclia  and  Bauer  aay  thit  heated 
bovine  serum  i^  anticomplfmentEir^'  for  honte  alGTtin,  sinee  il  prevenU  the  tiiralian 
of  thifi  alexia  oa  Faintly  seiiaitijted  bovine  corpusclea-  Wo  fiha\i  not  horo  consider 
wh*"thiT  this  concJiteion  ia  true  or  falsp.  Wliat  ta  certain  is  that  the  deduction 
fram  Ehe  ex^ieriment  in  certainly  Liieorrect.  In  judging  the  intensity  nl  alexin 
abaorptioTi  Sueli:^  and  Bauer  place  their  corpuscles,  on  the  ono  hand,  in  a  nuxture 
of  butst  alexia  anil  sail  aoIuUod,  aad.on  thootbcr.iaa  muttore  of  horae  alexin  q!th 
a  certain  amuunt  cF  hovine  ^MniTn.  SjtcEia  and  Bauer  seem  to  forget  Xhal.  other 
IhiogB  t>Hing  equal,  alexin  lisatiou,  particularly  when  the  corpaaclea  arc  faintly 
ecQ^itized)  tukes  place  bi^ltcr  lu  a  Huiii  uuntainiog  much  ault  Milatiou  than  iu  oub 
containing  heated  serum;  this  Berum,  a*  we  know,  inhibiu  alerin  fixation 
vithciut  acting  ia  any  truly  anticomplementary  manner.  In  the  question  in  caae 
the  heated  boviue  jscnmi  inay  iidiibil  the  Qxiiljuu.  not  only  of  borse  alexin,  but 
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BeginniDg  with  their  Ihcorj'  that  the  bovine  sensitiaer  fails  to 
unite  with  guinea-pig  corpuscles  unless  licrse  alc?dn  is  present, 
Sach-s  and  Bauer  prej*appnse  that  a  mixture  of  l»*at^i  bo^'iue  serum 
ami  horse  alexin  Umt  has  bei^n  im-panil  fur  some  limr^,  ami  in  which 
this  combinatinn  may  havt*  taken  plaice,  slumld  hemolyKP  guinea- 
pig  eorpuscles  more  rapidly  tliaii  a  recently  prepareil  mixture. 
They  declare  that  thin  ciui  Ijo  i-xperiutentjilly  piiivLnh  We  have 
rejx^alftl  their  attempts  with  differfnl  rt'sull.s.  We  have  noteil, 
BS  we  shall  latar  consider,  that  a  mixture  of  fresh  hoi^e  serum 
ami  fiefltftl  Iwwine  serum  in  suitable  propnriiLiiLs  is  mufh  Itss 
active  when  it  has  been  kept  for  some  time  before  the  guinea-jjig 
corpuscles  are  atldecl. 

Having  examined  Sachs  and  Bauer's  objection,  to  close  the  debate 
we  may  relate  certain  experiments  which  prove  in  an  irrefutable 
manner  the  accuracy  of  Bordet  and  Gay 's  interpretaliou.  The  reason 
that  Ehrlich  and  Sachs'  original  experiment  has  given  rise  to  so  long 
a  discussion  is  due  to  Jhe  mullipliL-ily  of  the  f^ubstanccs  present  and 
particularly  to  the  fact  that  there  are  two  amboceptors  which  can 
supplant  one  another.  The  obscurity  is  due  to  the  fact  that  fresh 
horse  serum  contains  a  sensitizer  as  well  as  does  the  heated  bovine 
serum.  Let  us  suppose,  for  a  nioment,  that  horse  serum  containe 
alexin  only.  Under  these  conditions,  on  mixing  the  heated  bovine 
serum  (which,  according  to  Buivlet  and  Gay,  is  sensitizing  and,  in 
a^ldition,  contains  the  c<mglutinin)  with  hor^c  serum  an  active 
mixture  is  obtainai.  We  both  agree  on  this  point.  But  if  we  were 
to  mix  with  such  a  horse  aenim  containing  alexin  but  no  sensitizer, 
bovine  scrum,  5t>  degrees,  which  had  been  prcviuualy  t^ubjectod  to 
guinca-plg  corpusclcr^,  what  should  wc  obtain?  Evidently,  if  Bordet 
and  Cay's  theory  ia  correct,  Ifie  mixture  should  be  inactive  because, 
although  such  a  mixture  contains  conglutinin,  it  should  have  been 
deprivcil  of  all  audwceptor.  If  Ehrhch  and  i^achs  are  correct,  on 
the  contran-,  the  mixture  f?houid  be  just  as  artivc,  inasmuch  as  it 
should  still,  acconling  to  these  authors,  contain  the  bovine  M^nsitiJier 
which  can  unite  and  pnxluce  hemolysis  only  in  presence  of  alexin. 

It  would  therefore  be  of  service  to  have  horse  serum  which  COE'- 
tainfl  alexin  hut  is  unable  to  scnsitiKe  guinea-pig  corpuscles.     Such 

also  of  hovme  eloxin.  We  hUaII  later  rpfor  to  nr  e^perimpiii  that  prov«  tbii 
faol-  Jq  nddJtioQ  it  may  be  mGiitionrd  that  iLodo  incX^  biLve  recently  bocn  CDO- 
eidcrcd  in  ietbll  by  Bqrdct  aad  Gay  (sec  artli^Lc,  p.  3S)S)> 
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a  ncnim  is  c&sily  obtaincxi.  ami  the  rxpcrimrnts  which  have  been 
outUncil  confirm  Bordet  and  Gays  opiuioa  entirely- 

We  know  that  the  fixation  of  alexin  on  corpuscles  is  very  markedly 
favoroil  by  the  mldition  of  normal  salt  solution;  this  faet  is  very 
evident  in  tbe  ca-sc  oF  horse  scrum.  Klein  was  first  to  not^  that 
guinea-pig  corpuscles  mLxeil  with  fresh  and  unddutcil  horse  scrum 
fix  littlo  alexin,  although  titey  al^sorb  it  completely  when  a  con- 
tfideraUe  amount  of  salt  solution  is  a<ldei|.  The  seasifiaer,  on 
the  rontrary,  is  well  alisorlicil  even  when  the  wrum  is  ameciUrale^l. 
Consequently,  if  we  treat  undiluted  horse  serum  with  an  equal 
vnlmno  of  washed  guinea-pig  eorpiiseh»Sr  we  shall  oijlain  a  fluid 
which  is  rieh  in  alexin  but  is  deprive*!  of  sensitizer 

We  find  that  such  a  serum  produces  the  following  effect: 
(a)     When  mixctl  with  intaet  heateil  bovine  sentm  and  guinea- 
pig  cfiT-fiuscles  It  pnidiiees  the  pfienoinefum  of  conglutination  and 
hemolysis  very  ele.irly.     Tfii.s  faet  jmive.^  that  the  bovine  seiisi- 
lizeria  the  one  which  aets,  as  nootht^  one  is  present. 

{h)  When  mixed  with  heatwJ  bovine  serum  that  has  been  pro- 
viously  treated  wJth  guinea-pig  corpu^jeles  it  pRiduees  no  phr?- 
nomenon.  This  proves  that  such  a  mixture  eontdns  no  sensitizer 
at  all,  and  consequently  condemas  Elirlich  and  Sachs'  thesis,  m 
aexxjnlanee  with  w^hich  the  b'jvino  sensitizer  should  still  be  present- 
In  control  tubee.  of  course,  It  is  proved  that  eueh  heated  bovine 
eerura,  when  mixel  with  untreateil  horse  scrum,  gives  the  phe- 
nomenon perfectly,  in  which  case,  of  couise,  the  sensitizer  that 
oct.'i  i^  in  the  hoise  serum. 

(c)  When  mixed  with  heated  bovine  Berum  that  has  been 
deprivefl  of  its  anibnceptor  by  contact  with  ^inea-pi^  corpuselca 
this  horse  serum  depri  veil  of  its  sensitizer  rttill  gives  the  phenoracnoa 
if  the  corpuscles  ad<l&l  are  not  normal,  but  have  iirgt  been  sensi- 
tiaetl  by  contact  ^nth  heated  bovine  soniin  and  eubeequcntly 
washol.  This  completer  the  demonstration  of  the  previous  experi- 
ment on  the  fixation  of  the  bovine  sensitizer  by  corpa^cles  in 
absence  of  ale?dn.  The  experimental  details  of  these  experiments 
follow.     Materials  are  prcpareil  as  follows: 

I.  Fresh  horse  ficrurn  contninutg  alexin  but  deprioed  of  sctisi- 
iizer^  —  2c.c.  of  washed  guinea-pig  blood  is  added  to  "2  c,c.  of  hoise 
serum.     After  contact  for  quarter  of  an  hour  the  mixture  is  cen- 
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triFugalise^l,  the  fuperoatant  fluid  decantcdf  and  6  c.c,  of  normal 
sail  solution  mkled, 

IL  Fresh  fwrae  serum  deprived  of  both  sen^liser  end  cU^tl  — 
6  c,c.  of  salt  solution  {Ans  2  c,c,  of  waslial  guinea-pig  blomi  ia  abided 
to  2  c,G.  of  the  .^erum.  After  contact  For  an  hour  and  a  lialf  the 
mixture  is  ccntrifugaliznl  and  the  supernatant  fluid  decantwi. 

III.  Bovine  scrum  (oG  degrees)  deprived  of  i(ji  Jicnsilizer.  —  2  c.e. 
of  salt  solution  plus  2  c,c,  of  washed  guinea-pig  blootl  is  added  Ui 
2  c.c.  of  the  acmni-  Contact  for  L  hour,  centiifugalization  and 
decantation  of  the  supernatant  fluiih 

IV-  iiiiacL  bovine  serutn^  5<i  degrct!&. — "2  c.c.  of  serum  plus  4 
c.c,  of  salt  solution. 

V.  Iniaci  horse  serum. — 2  c.c.  of  serum  plus  8  c.c.  of  salt  solu- 
tion. 

Mixtures  are  prepareil  as  indicated  in  the  following  table  from 
lhes('  fluids,  and  0,05  of  a  cubic  centimeter  of  normal  guini?n-pig 
corpuscles,  nr  of  corpuscles  that  have  previously  l>een  treateil  with 
0^3  of  a  cubic  centimeter  of  heattnl  Ixivinr*  serum  and  subse- 
quently carefully  washed  three  times  with  a  large  volume  of  salt 
solution,  ifi  then  afldinl. 

Mixture  in  whieii  the  eharacLeristic  intense  agglutination  and 
hemol}^is  occurreil  are  designated  by  the  letter*  AH.  In  the 
other  mixtures  the  eoqiuscles  have  shown  no  such  mo<iifications 
even  after  a  coa^iderable  period  of  time, 

TABLE  T 


0-fi  P-P-  ol  fluid  con- 

Soriml  vuln?4-prB<i>rpLuc^l<v. 
0-OB  c-ci  I.S  c-c,  oS  ■  fluid  «in- 
tklHlnif  iiarsB  gptura. 

V.fiS  a.  of  Ccrposclffl  niuJLlBed 

LBlLilnii:  bavl[ir  stcuin 

I, 
UlDUa 

fl<DllUlfl-. 

11. 

VdllO&T 

nniL  alexin. 

V, 
Inlul. 

I. 

Mlniia 

Hiultuer. 

Ultuu 
■nil  iilfilu. 

InUfi. 

III.  Bnvinesprum 
lEiLDlla  r'eiir'ilizer 

No.  3 

0 

No  3 

AH 

Nq    10 
AH 

So    U 

Q 

Xo.  M 
AH 

IV.  Intact  lie  vine 
serum 

So.  A 
AH 

No.  5 
0 

Xo,6 
AH 

No    13 

AH 
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We  may  add  that  the  previous  sensitization  of  the  corpuscles 
is  of  consiJerable  importance  in  respect  to  the  rapidity  with  which 
the  conglutination  and  hemolysis  appear.  Thus  we  fin*!  that  in- 
tense agglutination  takes  place  in  from  5  to  7  minutes  in  tubes 
12,  13  and  15,  in  10  minutes  in  tube  10  and  in  about  15  minutes 
in  tubes  3.  1  and  6,    The  rapidity  of  hemolysis  corresponds. 

The  contrast  between  tubes  1  and  lOj  1  and  4,  and  1  and  3  is 
particularly  to  be  noteiL 

Similar  experiments  made  with  fresh  bo^e  serum  give  similar 
results.  Inasmuch  oa  alexin  fixation  follows  the  fixation  of  the 
sensitizer,  by  placing  fresk  bovine  serum  in  contact  with  an 
equal  volume  of  washed  guinea-pig  blood  for  a  &bort  peritjd 
(about  10  minutea  at  room  temperature}  we  obtain  a  fluid  that 
is  rieprive^l  of  ^nsitiaer  but  still  contains  an  appreciable  amount 
of  alexin  and  of  conglutinin.  Scrum  treated  in  this  manner  ha^ 
no  effect  on  normal  guinea-pig  corpa*5cles,  but  it  does  hemolyac  cor- 
puscles that  have  been  previously  sensitiajed  by  heate^l  bovine  serum 
and  sutjsef|ueiitly  waslied,  and  the  hemol_v.^is  in  this  case  also  is 
precei^Jed  by  the  characteristic  conglutination-  In  the  same  way 
we  find  that  a  relativrly  small  d(>se  of  frc^h  intact  Ixjxitte  serun^ 
when  adiled  to  guinea-pig  corpuscles,  conglutiiiatcs  and  bemclyiies 
them  more  rapidly  if  they  have  been  previously  sensitized  and 
washed-  For  example,  in  two  tubes,  A  and  B,  is  placed  O.l  of  a 
cubie  centimeter  of  wa.shcil  guinea-pig  blood  and  O-.l  of  a  cubic 
cen(im»f1cr  of  salt  solution.  To  A  is  then  abided  0.5  of  a  cubic 
centimeter  of  beared  bovine  serum.  A  half  hour  later  the  cor- 
puscles are  washed^  centrifugalized  and  ihe  supernatant  fltiifl  dc- 
cantetl;  1  c.e,  of  salt  solution  and  OT  of  a  cubic  centimeter  of 
fresh  bovine  serum  is  then  added  to  each  corpuscle  sediment.  In 
tube  A  conglutination  takes  place  in  40  minutes  and  hemolysis  in 
an  hour;  in  B  the  phenomena  occur  in  1  and  2  houre  respectively. 
It  is  certain,  then,  that  guinea-pig  corpuscles  that  have  been  sub- 
jected to  bovine  serum,  50  degrees,  fix  the  sensitizer. 

Wc  may  now  recall  in  this  eonneclion  the  fad  which  we  have 
already  mentioned  aixl  which  at  first  sight  mi^ht  seem  contra- 
dictory to  the  preceiUng  statements.  If  we  prepare  a  mixture 
containing  a  large  amount  of  salt  solution  with  a  Utile  fresh  in- 
tact bovine  sciiim^  the  addition  of  sensitizer  in  the  fonai  of  healed 
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bovine  scrum  may  inhibit  the  hcmolyeia  of  ^inca-pig  corpusdes 
mthcr  than  favor  it  *  Wc  found  indcai  that  alexin  fijiatioii  of  the 
scnsitizcii  corpusclca  takes  placo  better  when  the  fluid  eontains  little 
pcnini  and  a  lar^e  amount  of  salt  solution.  For  example,  wc  pre- 
pare two  tubes,  A  and  B,  containing  each  O.S  of  a  cubic  centimeter 
of  .^alt  solution  plus  0.  L  of  a  cubic  centimeter  of  fresh  boWne  serum. 
To  A  we  aild  0-3  of  a  cubic  centimeter  of  bovinci^rum,  56  degrees, and 
to  Iwth  tubes  0.05  of  a  cubic  centimeter  of  washed  guinea-pig  blood. 
Conglutination  and  hemolysis  occur  in  tube  B  in  30  and  40  niinutea 
rft^peetively,  in  tube  A  in  40  and  GO  minute^.  In  other  wiir^ie,  the 
heated  senim  b  more  inhibiting  aa  serum  than  it  ia  useful  as  sen- 
Utiser^  iiiasniucli  a-s  enough  sensitiier  i.-^  prt-j^enl  in  the  fresh  bnvine 
IHK  Rut  ifjinstea<]  of  employing  in  tliis  hist  ex  peri  meuL  fresh 
intact  bovine  serum,  we  ase  Kcrum  that  has  been  treatetl  for  about 
10  minutes  with  an  equal  vulunie  c»f  guinea-pig  blcxid,  we  obtain 
directly  op|josite  results.  Under  such  etindltions  the  alditinn  of 
a  sensitizer  is  obviously  necessary;  and  eonseciuently  we  BihI  that 
although  the  heate*!  bovine  serum  (0.3  of  a  cubic  centimeter),  as 
serum,  inhibits  alexin  fixation,  it  is  necessary  as  containing  sensi- 
tizer. An  experinieEit  modified  in  this  manner  shows  In  tube  B 
no  conglutination  or  hemolysis;  the  phenomena  appear  in  A  in 
IJ  and  2  hours  respectively.  It  would  seem  to  us  in  view  of  so 
many  convincing  facts  that  the  thesis  of  Ehrheh  aiwl  Sachs,  which 
supposes  ihat  the  bovine  amboceptor  can  unite  with  the  cor- 
puscles only  in  presence  of  the  alexin,  can  no  longer  be  adniitted- 
And  what  is  more,  we  consider  these  authors*  opinions  on  hemoly- 
sis as  purely  theoretiealj  in  so  far  as  they  bear  on  the  existence 
of  a  com  piemen  tophihc  group,  partial  an  ticom  piemen  ts,  multi- 
plicity of  complements,  dominant  and  non-tiominant  complcmenle, 
and  the  like- 

aECTION    IL 
V\RIOD3   EXAMTLES   OF  CONGLUTINATION  AND   THE   MoDE 

OF  Action  of  the  Conqlutinin. 

Conglutination  always  appears  when  the  cells  abided  to  fresh 
bo\"ine  serum  or  a  mixture  of  heated  boinnc  serum  and  alexin  from 
anolht'r  animal  are  sufQciently  i^ensitizftl  and  conKcquciitly  in  a 
condition  to  absorb  alexin.     Whenever  the  nonnal  sera  employed 

*  &6e  Lhe  previous  r4wtDot6crTtii:;i^agi?en&m  experiments  of  SocEiaand  Bauer. 
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in  this  mixture  .ire  not  s(*a^iUzing  far  the  rarpuscles  u?e^l,  they 
niu'it  be  treatel  with  an  ji|>pniijriaU^  ^pe^iflc  immune  serum.  Such 
is  the  case  in  the  experimenl  with  bovine  coq^uscles.  Many 
corpnsL'lps,  however^  react  auffinpnlly  to  the  sensitizer  in  nomial 
serum,  particularly  in  bovine  serum.  ThuM  in  Ehrlii^h  and  Saclia' 
experiirient  the  guinea-pig  cnrpusfiles  may  be  replaced  by  other 
re<L  blood  eelb.  For  example,  rabbit  corpuscles  act  just  the  same 
as  guinea-pig  corpuscles  antl  show  congluii nation,  although  some- 
what less  rapidly,  and  intense  hemolysis.  Human  coq^uscles 
react  distinctly.  In  all  these  instances  fresh  bovine  serum  alone 
produces  similar  results, 

Croat  corpuscles  act  rather  curiously  on  the  addition  of  fresh 
bovine  serum.  They  are  energetically  conglutinated,  but  are  not 
hemolyzcd.  "Wc  should  conclude  from  this  fact  that  the  bo\'ino 
Bcrum  sensitizes  goat  corpuscles  sufficiently  to  produce  alexin 
absorption  and  bring  about  the  action  of  the  conglutinin,  but  that 
tho  alexin  acts  poorly  in  proilueing  hemolysis,  owins  perhaps  to  the 
fact  that  the  ox  and  the  goat  are  closely  relate*!  species  *  In  the 
phenomena  under  eoHK'iid  era  lion,  hemolysis  ia  due  neither  io  the 
alexin  nor  to  the  conglutin in- alone,  but  to  the  combined  effect  of 
the  two  factor?;  the  complex  alesin-conglutinin  does  the  hcmoly- 
aing»  and  we  ^hall  sec  presently  that  the  conditions  under  whirh 
this  complex  is  fonned  arc  of  importance  in  respect  to  the  strength 
of  the  hemolytic  or  the  agglutinating  property  which  it  produces. 

Why  docs  the  sen,^itizefl  and  alcxiniaed  corpuscle  unite  with 
the  conglutinin?  The  absorption  of  alexin  {complement)  by  a 
scnaitized  corpuscle  is  due^  as  we  know,  to  a  phenomenon  of  ad- 
sorption. But  to  what  is  this  adwrption  due?  Neither  the 
corpuscle  itself  nor  the  sensitizer  alone  shoe's  any  such  attrac- 
tion for  the  alexin.  The  corpuscle  and  the  sensitizer  when  they 
unite,  however,  form  a  complex  which  Ls  endowe^l  with  the  new 
property  of  alexin  absorption,  owing  doubtless  to  tlie  fact  that 
the  sensitizer  produces  a  change  of  physical  condition  in  the  cor- 
puscle and  sort  of  ccagulation  slniikr  to  that  brought  aliout  by 
adding  specific  precipitating  j^erutn  to  an  albuiniuous  solution. 
This  formation  of  a  precipitate  would  affeirt  the  contact  proper- 

•  Bovine  alexin  fails  to  hemolyie,  or  hBmolyfita  only  fBiotlj,  goat  corpuaclea 
even  wbeu  thvy  me  flCEUktiied  by  a  spwific  imoiuDt.'  Aenim. 
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tiofl  markedly,  and  in  particular  would  produce  an  avidity  for 
alexin  absorption.  Thanks  to  the  researches  of  Gen^u  and  of 
Gay,  wt  know  that  the  albuminous  eubstances  of  serum,  of  milk 
and  the  like,  become  aNid  of  alexin  when  prccipilioa  are  added. 

It  does  not  aeeni,  a  prion,  ccoca&ary  that  in  e-ach  inst&nco  tho 
same  result  should  occLir.  In  certain  other  cases  the  facility  of 
different  ftuh^^tancea  to  clump  together  may  be  aupposai  to  be  due 
to  the  presence  of  such  tendencies  of  adhesion  in  each  separate 
substance.  For  example,  if  A,  B  and  C  elump  one  another  it 
may  be  supposed  that  one  of  these  elements,  B  for  example, 
shows  a  property  of  adhesion  both  toward  A  and  toward  C.  and 
may  show  an  intermediary  function  in  pnxlucmg  the  complex.* 

It  would  seem,  in  the  case  of  conglutination,  that  alexin  fills 
Buch  an  intermediary  function.  It  seems  to  unite  on  the  one  hand 
with  the  t^ensitized  corpuscle,  as  we  already  know,  but  it  if^  also 
evident  that  there  is  some  reaction  between  it  and  the  conglutinin. 
To  denionrj trail:  this  factn  we  may  take  Fn-sli  horse  senun^  pre- 
viously diluteil  wilh  an  equal  volume  (if  salt  solutiim,  arid  heated 
bovine  serum  dilutei!  in  the  same  manner.  We  a<Jil  1  c.r.  of  the 
dilutetl  IxJ^nne  serum  t^i  say  0.2  of  a  eubiu  eentimi'ter  of  diluted 
horse  serum.  This  mixture  is  left  for  a  Lime  at  room  tempera- 
ture. After  a  while  another  similar  mixture  is  preparetl,  and  0.05 
of  a  cubic  centimeter  of  washed  guinea-pig  corpuscles  is  then 
added  to  each  of  them.  We  find  that  the  first  mixture,  in  which 
a  longer  contact  has  taken  place,  has  lost  its  property  of  producing 
conglutination  and  hemolysis  almost  entirely;  in  the  second  mix- 
ture the  phenomena  occur  weU. 

The  experiment  may  be  repeated  with  modifications  in  the  re- 
spective dos^  of  each  serum  or  in  the  duration  of  contact.  In  the 
doses  we  have  given,  a  rather  short  contact  suffices  to  diminlsli 
the  activity  of  the  mixture,  even  10  or  15  minut&^  being  sufficient 
to  produce  a  distinct  difference.  As  regartis  the  dosage,  it  is  found 
that  the  depressing  effeet  of  contact  becomes  less  and  lees  distinct, 
AS  tho  quantity  of  the  alexin  is  increased  relative  to  tho  amount 
oF  heatetl  bovine  serum.     For  example,  in  a  mixture  of  equal  partfl 

•  If  ihia  were  to,  B  fnig:hl  well  <le8erve  ihe  name  of  nmboccptor.  which  ElirUeh.i 
Uu  ini^orrtictiy  applied  to  EcnsiiiMcrs,  wilh  tlic  reaorvai icm,  howcvar,  ihat  vro  zLrft- 
now  dualiug  with  teadcnciua  to  adhcfiioa  and  not  nith  purely  cheioicaL  a^uitiea. 
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of  thG  two  sera  JUute^i  ea^-h  with  an  equal  aiiiounl  of  salt  solution, 
ihe  corpuscles  react  very  much  a^i  llicy  do  in  a  fresh  mixture. 

Ehrlich's  theories  would  f^el  no  cmbarra-ssmcDt  in  face  of  such 
a  faGt.  To  es(.dain  it,  we  tnay  suppose  that  bovine  serum  con- 
tains several  amljoceptora,  among  which  are  somo  wilh  no  affinity 
for  the  guinea-pi^  corpuscles.  Such  aniboceptors^  if  time  were 
given  them,  would  monopolize  the  alexin,  would  deviate  it,  and 
prevent  it  from  uniting  with  the  guinea-pig  corpuscle.  If  the 
experimental  result  hocl  turnal  out  in  the  opposite  wa^',  the  same 
theories  would  still  be  aatlsficil.  It  would  suffice  to  ,^y  ,'*imply 
that  the  bovine  amboceptor  which  combines  with  the  guinea-pig 
corpuscles  shows  a  greater  affinity  when  it  has  ha^l  time  to  unite 
previously  with  alexin,  .\s  we  have  alreaily  seen,  Sachr?  and  Bauer 
have  fluggcfitcd  this  interpretation  in  fiirailar  experiments  which 
prove  to  them  Iti  some  incxphcablo  manner  that  a  prolonged  con- 
tact exaggerates  the  activity  of  a  mixture  imteaLi  of  diminishing 
it.*  Aa  long  an  one  has  recourse  to  such  purely  hyj>otheliral  ideas, 
wiilch  may  Ije  varietl  and  muUifjlU'd  as  one  d^^in^,  it  is  clear  that 
any  i^xperitiipntttl  fart  may  l>e  iutfT[jrctetl.  The  statement  that 
llii*  amb<n^eptnr  has  a  coinpli-ineiitophilie  group  i;*  a  liyijfithesis. 
The  statement  that  the  affinity  of  this  group  varieM  with  different 
amboceptors  is  another  liyprjthesis:  the  supj^isition  that  the  eyto- 
pbilic  group  becomes  chemically  more  active  when  affinities;  of 
the  complementophilic  group  are  satiaBed  is  a  thinl  hyixithesis, 
A  theory  is  of  service  only  when  used  to  coordinate  real  and  demon- 
atratecl  facts;  it  is  of  no  value  when  it  unites  hypothetical  facta 
produced,  created  and  fa.'^hioncd  at  the  will  of  the  theorist,  with 
a  sirigk^  demonstratcxl  fnct. 

The  question  of  the  mutual  relations  between  the  sensitized 
corpuscle,  the  alexin  and  the  coaglutinin  .should  be  subjected  to 
atldilional  researches  in  order  to  bo  quite  clear.  It  seems,  how- 
ever, that  to  obtain  the  maximal  efTeet  of  agglutination*  and  par- 
ticularly of  hemolysis,  the  onlcr  in  which  the  three  substances 
are  added  should  be  kept  in  mind.  If  the  congluLinin  and  alexin 
are  atlded  in  certain  proportions  and  an  interval  allowed  to  elapse 

*  flaclifl  and  Bauer's  misturEs.  lo  lie  sure,  ronlainwl  rclfltWHy  more  horan 
fl«ruTn  thaa  our^.  We  have  nol,  however,  bei>n  ubta  lu  prHluee  Ibaii  rouulEa  avoa 
by  fDilowing  tLeir  experiment  closelj. 


460 


HTUDIES  IN   IMMLTyiTY. 


before  the  coqjiiscl*^  are  aildftl,  only  slight  effeetfi  are  prodiicod. 
If  the  fixati'jn  uf  tbt^  alexia  tm  the  eoqjuscles  U  bmught.  about, 
and  they  are  then  washyd  an*!  subsetjuently  subjeciwl  to  the  con- 
gluiinin,  they  are  (rlumpei!  but  not  hemolyzed.*  The  effects  vanr" 
markojly,  accoivimg  to  the  jnodu^  operandi,  although  the  sub- 
Elances  concerned  remain  the  same.  This  is  not  suqirising,  for 
we  find  eimilar  examples  throughout  the  phenomena  of  molecular 
adhesion.  Toxin  and  antitoxin  when  mixed  in  constant  pro- 
portions can,  aj^  wo  know,  furnish  complexes  emlowe<l  with  differ- 
ent properties  depending  on  whether  they  areaddeil  to  one  another 
all  at  once,  or  in  di\"ided  dot^es.  In  the  scrum  diflp;naiis  of  syphiU??, 
for  example,  the  HUj^hlei^t  detail^  in  the  preparation  of  the  liver 
extract  \s  of  importance.  Sachs  an^l  Roni.loni  have  found,  for 
example,  thai  their  rt^ult^  vary  in  aeRor<ianec  with  whether  their 
conccntmtwl  alcoholic  extract  of  liver  U  diluteii  with  salt  solu- 
tion rapidly  or  slowly.  It  is  eonpcivable,  m  thtsc  authors  note, 
that  the  active  substance  may  be  carrie<i  to  different  statea  of 
colloidal  division  in  accortiancc  with  thtse  varying  conditions, 
and  that  differences  of  a  physical  nature  corre3pond  to  the  various 
results  in  the  energy  of  alexin  aiisorption> 

The  physical  condition  uf  the  conglutinin  would  seem,  likewlge, 
to  have  a  distinct  influence  on  the  result  of  the  phenomenon.  On 
dialyElng  bovine  serum,  56  degrees,  wc  obtain  by  centrifugalizatiou 
a  supernatant  fluid  and  a  precipitate,  the  properties  of  which  varj-, 
although  thi.'y  l>oth  contain  conglutinin.  On  adding  sufhclent 
aoiliura  ehloriij  to  ^ee^talJlifth  the  priniilive  tonicit3',  we  find  that 
the  supernatant  fluid,  when  arldal  tn  fresh  horr-c  aerum,  hemolyzes 
guinea-pig  corpuscles  Ix^tter  than  It  conglutinatea  them.f  The 
precipitate  gives  the  o|j[>osil.e  result-  Wlien  washed  In  dititilleil 
water  and  shaken  in  .salt  solution^  this  precipitate  dissolves  only 
partially;  a  cloudy  (luid  is  nhtainal,  which,  nn  the  atlditinn  of  fre-^h 
hor^e  serum,  agglutinates  guinea-pig  corpuscles  energetically,  but 
henidyitt^  them  pourly.     A  inixLun?  nf  the  supernatant  fluid  and 

*  Several  examples  of  thb  fact  have  been  iiote<l  in  the  crticlcA  of  Bor-Jot  ond 
Gay  &ni]  \y{  SocFls  und  Bjiimr. 

f  InfM?rr!iin  p&^fa,  havcver,  thiit  Huid  fnnygirca^lutiaatmn  o'lChaiit  hemoly^ia 
«fl4o«  healed  bovine  »runi,  Tlib  occiira  when  nuch  a  fluid  is  added  to  (^vjineti' 
pjff  Coi^uNrW  Lh^l  Kqvi?  Ix*en  prevUiu-sl^  ■lultjcclpil  vo  frpnli  huj?e  tujruui  and 
«ub§equently  washed. 
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tp  precipitate  reproduces  a  mixture  which  ia  very  like  normal 
bovine  ^crum. 

In  view  of  this  relative  dissociatiDn  of  agglutina.lion  and  hemoly- 
sis, it  may  be  that  tiie  conglutinin  is  not  a  simple  substance,  or 
that  it  is  a  ainiple  sul)stanre  ncrurring  in  different  physical 
i;oniiiLioas  or  conditions  of  greater  or  leas  8olutioa  in  *<cnjfn.  If 
we  like,  we  may  regard  it  as  a  more  or  less  fine  colloid  solution. 
This  fact  is  c\'idently  important  to  study.  The  fact  of  interest 
for  the  moment  is,  as  we  have  brought  out  again  in  this  article,  that 
the  hemolysis  and  conglutination  by  bovine  serum  follow  a  general 
law. 

To  summarize:  The  conclusions  of  the  present  article  corrob- 
orate ihe  ideas  of  Bordet  and  Gay  of  two  years  ago.  Tlie  objec- 
tions that  hflrve  been  offered  to  these  ideas  by  Sacha  and  Bauer 
have  no  foundation.  Contrary  to  the  opinions  of  Ehrlich  and 
Sachs,  bovine  sensitizers  unite  perfectly  well  with  corpuscles  when 
the  alexin  is  absent.  The  hypothesis  of  the  existence  of  a  com- 
plcmcntophiUc  Rroup  in  scnsiliacra  doca  not  agree  with  the  facts. 
As  for  the  special  properties  of  bovine  serum,  they  arc  due  to  n 
particular  substance,  the  conglutinin,  the  principal  cbflracters 
of  which  arc  now  clearly  brought  out.  We  may  add  that  this 
eutetance  is  prcctpitateil  for  the  greater  part  by  dialysis  and  seems 
to  manifest  a  real  affinity  for  alcsin,  anil  therefore  tends  to  pre- 
cipitate itself  on  sensitized  and  alexinlzcil  corpuaclea. 


XXIV.    SENSITIZERS  FOR  THE  TLTBERCLE  BACILLUS,* 


Br  J.  BORDET  ami  O,  GEXGOU. 


One  of  us  demonstrated  in  1900  that  if  red  blood  cells  or  bacteria 
are  added  to  a  specific  immune  serum  which  contains  a  s}3ecific  sen- 
sitiaer,  the  cells  become  capable  of  absorbing  the  destmetive  sub- 
stances in  the  serum  (alesiu).  With  this  fact  as  a  basis,  Borrlet 
and  GengoLi  have  described  a  mctho^l  which  allows  one  to  prove 
the  e>dstence  of  a  sensitizer  la  a  given  eerum.  By  preparing  a 
suilablo  mixture  of  typhoid  bacilli,  frt?sh  ni:*nnal  human  senira^ 
and  heatfti  serum  {5b  degrees)  of  a  convalescent  from  typhoid,  it 
k  found  that  the  alexin  of  the  normal  serum  is  absorbed  by  the 
bacilli;  this  Is  proved  by  the  fact  that  subsequently  addcti  ficn- 
sitiBfel  corpuecies  undergo  no  hemolysis.  Consequently  wc  may 
conclude  that  the  serum  of  patients  convalescent  from  typhoid  con- 
tains &  sensitizer  that  endows  the  typhoid  bacillus  with  the  power 
of  fixing  alexin*  By  this  mcthoti  we  have  endeavored  to  determine 
whether  a  guinea-pig  can  form  an  active  scnaitiaer  for  the  tubercle 
bacillus;  our  rcsuJta  follow: 

Guinea-pigs  injected  with  hving  human  tubercle  bacilli  soon 
show  goneraliBCil  tuberculosis  and  produce  no  sensitizer  A  nega- 
tive result  is  obtainai  in  any  stage  of  their  disease.  If  the  guinea- 
pigs  receive  a  subcutaneous  inoculation  of  the  avian  tubercle 
bacillus,  on  the  contrary', t  for  two  or  ttirce  times  they  re^^iat  infec- 
tioHj  and  5(K>n  form  a  sensitizer  in  their  blood  which  has  the  property 
of  provoking  alexin  fixation  when  added  to  the  bacillus.  It  is 
intpresling  to  nute  that  this  sensitizer  shows  an  equal  activity 
with  the  human  luberele  bacillus;  llie  same  amount  of  sensitizing 
serum  will  fix  the  same  amount  of  alexin  with  the  same  volume 

*Lea  scuAibjIitfatricoe  du  bociLle  tubvicidi^iiff:  Compter  Rendua  de  I'Acad^inia 
dea  Sci^ncpH.  vol,  137,  190:*.  a,"*!. 

t  Our  culture  of  avian  badllua  waa  derived  from  pigeons  and  had  b«D  grown 
for  some  UoH.'  on  glyccrinaltd  potato. 
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of  either  human  or  avian  bacilli.  In  other  words,  the  serum  ob- 
tained following  an  injection  of  avian  bacilli  docs  not  give  a  means 
of  distinguishing  the  two  races  of  tubercle  bacillus. 

If  guinea-pigs  are  ^ven  injections  of  a  mixture  of  human  tubercle 
bacilli,  killed  by  heating  to  70  degrees,  and  sensitizing  serum,  fol- 
lowed at  the  end  of  2  weeks  by  another  similar  mixture  con- 
taining simply  dried  bacilli,  we  find  that  the  animals  have  become 
more  resistant  than  controls  to  the  living  human  tubercle  bacillus. 
Such  treated  animals,  on  receiving  an  injection  of  this  organism, 
sur\'ive  considerably  longer  than  do  the  controls,  but  when  killed 
about  3  months  after  injection,  their  organs  are  found  filled 
with  tubercles,  notwithstanding;  in  other  wonis,  the  rapidity  of 
the  disease  is  simply  checked.  The  serum  of  such  animals  tested 
at  this  period  shows  the  presence  of  a  sensitizer.  The  sensitizing 
property,  then,  although  not  quite  useless,  is  incapable  of  prevent- 
ing the  evolution  of  the  disease.  Guinea-pigs  that  have  been 
treated  simply  with  injections  of  human  bacilli  killed  by  heating 
to  70  degrees,  foUowed  by  dried  bacilli,  also  acquire  a  sensitizing 
property  in  their  serum,  but,  as  we  have  already  known  for  some 
time,  their  resistance  to  the  living  bacillus  has  not  been  remark- 
ably increased. 


XXV.     NEW  CONTRIBUTION  TO  THE  STUDY  OF  SEN- 
SITIZERS FOR  TUBERCLE  BACILLI* 

Br  DR»  0.  GENGOU. 

Bordet  and  Gengout  showed  that  guinpa-pi?3  inoculated  with 
virulent  human  tubercle  bacilli  die  without  forming  any  srnsi- 
tizcrs  for  this  bacillus,  but  if,  on  the  contran-,  they  receive  an 
injection  of  U%ing  avian  tubercle  baeilU,  for  which  organisms  they 
are  usually  resistant,  they  form  sensitiBcrs  that  act  not  only  on 
the  avian  bacillus,  but  al^o  on  the  human  bacillus.  Later  on, 
DembinskiJ  statetl  that  the  living  human  bacillua  produces  no 
sensitizer  either  in  the  rabbit  or  in  the  pigeon,  and  he  coneludea 
"that  the  prtjduction  of  sensitizers  for  tulx^rele  bacilli  dfjes  not 
depend  on  the  greater  or  li>wH  rt^isistanee  of  the  animal  employed 
against  these  bacilli,"  as  Bimlet  anil  Gengou  Wievwl,  '*biJt  is 
rplatcd  to  the  type  of  LacilU  employed." 

In  the  eourse  of  sludies  nn  expi^rimenta!  tul>er<*.ulosis,  we  have 
had  occasion  to  eontml  Deml»inski*s  resuHs.  Slnee  guitiea-pigg 
suecumb  to  an  inoculation  of  virulent  human  bacilli  without  pro- 
ducing sensitizers,  we  used  Idlled  human  bacilli  (heate^l  for  one- 
half  hour  to  G5  degrees  or  For  5  minutes  to  100°  C).  For  compari- 
son we  gave  other  guinea-pigs  injoctioas  of  avian  bacilli  killed 
in  the  same  manner-  Similar  injeetions  were  also  made  in  rabbita. 
The  animals  were  all  immunizes!  on  three  euceoi^sive  occasions 
by  subcutaneous  injeetions  at  intervals  of  3  wtfcka;  they  were  bled 
2  OP  3  weeks  after  the  last  injection. 

We  determine*!  the  presence  of  sensitizers  in  the  serum  of  these 
animals  by  the  Borlet-Gengou  method  ba^^ed  on  the  characteristic 

*  Nouvellp  cuntriliuliou  iitVtLiJiT  dc^  sensIljiUBalrices  dea  bacilten  tul>eroii]eLix, 
ComptcaKond.  delatioo,  de  Biol.,  LVIll,  im>6,  21S, 

t  GmgDU,  p.  iQ2.     Comptea  Readua  dt  I 'Aaiui£mie  dca  3oieiicca> 
I  Dfltablnakl,  goci^ti  de  fiiologlp,  ]UC1. 
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^^^^^ property  of  rtensiti7^er>i  tn  fix  alexin  on  ths  cpU  for  whidi  tlie  seii-              H 
H           ailiKer  is  sjjtrifit.     If  h  given  ftcrum  contaics  an  at^live  ^t^si^iKtT       ^^H 
^1           for  the  tul>ercle  badllus,  the  alexin  will  be  fixed  by  thLs  badlliis,       ^^^^ 
H           and  ^ut>^f?qiit;ntly  mtmducal  seo-sitized  reil  blood  cells  will  remain 
intact,  owing  Ut  the  ahsence  of  free  alpxin. 

A  rfeutn^  of  our  result  is  given  in  tlie  folluwing  table.     Apart 
from  conlrM  tubes,*  the  composition  of  which  is  too  complicatetl 
to  wrlto  out  in  detail,  each  experiment  comprise?  a  tube  that  con- 
tains 0.1  of  a  cubic  centimeter  of  guinea-pig  alexin,  0.6  of  a  cubic 
centimeter  of  heated  serum  and  0.2  of  a  cubic  centimeter  of  an 
emuUion  of  frci^h  human,  avian,  or  bovine  bacilli,  as  the  case  may 
be.    Three  hours  later  0.1  of  a  cubic  centimeter  of  sensitized  goat 
corpuscles  is  abided  to  each  tube.t 

TABLE  1.                                                              ^^H 

]     Serum  of  guinpn-pig  injected  with  human  T,  B.  65*. ._ . 

2.  Sprum  of  guinea-pig  injected  with  human  T.  B.  100"... 

3.  Serum  of  guiiieu-pijf  LiJje<:L«i  with  uviitn  T,  B,  65°.. .. . 

4.  Serum  of  guiiico-pifi  iiijecicd  with  avian  T.  B,  100". .. , 

5    Scrum  oF  rabbit  injccUd  with  htimftn  T-  B,  65° 

fi.    Serum  of  rabbit  injccttnl  wUh  human  Tr  B .  100°  ....... 

Kimticn  wlrh  emul-            ^^^^| 
dloEi  or  T.  R.  bvlih.           ^^^1 

Human 

Avian 

Bovine                  ^M 

+ 
+ 
+ 

± 

+ 

+■ 
+ 
+ 

± 

1 

a.   Serum  of  mbbit  injected  with  avmo  T.  B.  100' 

-h  "  Cuiijpleie  ruaijoti;  HLroDg  tiejibiLizer                                       ^^^| 
±  "  Partial  hxation;  weak  aensititi-T                                                        ^H 
—  —  No  GiatJon;  no  senaitbcr                                                                        ^M 

As  a  result  nt  our  re.'^earehes,  wo  finJ  tbat  human  or  avian  badlii              1 
killed  by  heating  to  135  degrc<y  or  100  degreus  stimulate  the  forma-               M 
tion  in  guinea-pigs  of  seositizers  active  agaiast  the  various  mam-             H 
maLian  tubercle  bacilli.    This  stimulation  of  sensitizer  formation             1 

*  Bordet  and  Gengou,  p.  2L7.                                                                                                        H 

t  tn  these  exporiments  wiLshed  go^l  ocrpuBcles  ore  aensitiial  by  an  e';u&1                  H 

volume  dE  nLbbit-ontipoat  acrum.  and  after  cent  act  Tor  a  quarter  of  an  hour  again                  H 

vraelied  in  nalt  bolutJuii;  tlie  corpuAclea  atu  tb«n  suspired  in  a  doublLS  quanLiCy               H 

of  0,S5  THfT  eeai  flalt  solution.                                                                                                               H 
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is  also  possible  in  a  rabbit,  particularly  w'Mh  human  bacilli  thai  have 
been  heateJ  to  100  degrees,  but,  as  is  evident  from  the  table,  it  Is 
raore  difficult  to  produce*  The  facts  that  we  have  observed, 
however,  as  regard?!  the  rabbit,  and  partieiilarly  in  the  guinea- 
pig,  prevent  our  adherence  to  Dcitiblnski 's  opinion,  who  thinks 
in  regard  to  the  rabbit  and  the  pigeon  that  "the  injection  of 
killal  bacilli,  whether  human  or  avian,  produces  no  sensitiacr  in 
their  blomL" 

Wc  feci  justified  in  concluding  from  our  rcsuits  that,  contrary 
to  Dembinf^ki's  opinion,  the  production  of  anfitubercuhufj  seriaili- 
zere  docs  not  depend  on  Olc  type  of  bocilli  injeded^  The  human 
bacillus  aa  well  as  the  avian  baciliu:?,  and  acid -reis  is  ting  bacilli 
in  general,  may  give  riae  on  injection  in  the  rabbit,  and  par- 
ticularly in  the  guinea-pigj  to  scn^sitizcr.^  that  are  active  for  (he 
variou?  types  of  mammalian  tubercle  bacilli,  as  we  shall  later  show. 
It  may  ben  however,  on  the  other  hand,  that  the  facility  with  which 
these  antibodies  are  formed  depends  on  the  animal  species  eni- 
ploy&l ;  and  the  guinea-pig  would  seem  to  yield  them  more  re^ily 
than  does  the  rabbit,  or,  accortling  to  Deiubinski,  Ihe  pigetm. 

We  have  been  :ible  to  confirm  tlie  other  results  of  tiiis  writer, 
who  found  that  antitulx^n-ubus  senf^itisers  are  just  8^  active  when 
heat^l  human  or  avian  bacilli  (one-lialf  hour  to  65  degrees)  are 
employetl. 

'  The  5li;;Ut  activity  of  the  aerum  from  the  majofUy  »f  our  vaccinntoH  rabbit* 
nmy  be  dii?  f<iiiiply  to  in^iiflicipDl  iiamuiiizalmii ;  we  are,  for.  L.I1B  DQUCueot, 
GDf^aged  !□  a  study  along  this  Line, 


XXVI.    A  CONTRIBLTTION  TO  OUR  KNOWLEDGE  OF  ANTI- 
TUBERCULOUS  SENSITIZERS. 


Br   DR,   CiENGUU, 

Since  Bnrdet'a  rft^earches  on  the  mechanism  of  arquired  im- 
munity, our  knowledge  of  the  scii^itizciB  (Ehrlich's  amboceptors) 
has  come  to  be  more  and  more  definite.  These  substances,  which 
appear  in  the  blood  of  inoculated  aniniaU  during  the  course  of 
immunization,  are*  as  wc  know,  specific  and  have  as  a  peculiar 
property  the  power  of  fixing  the  alexin  on  that  aubatance  againat 
which  the  animal  that  furmshea  the  sensitiaeig  haa  been  immunizedH 
The  alexin  of  normal  serum  alone  has  little  or  no  tendency  to  be- 
come fixfti  on  bacteria  or  red  blood  cells;  a  bacterium  or  red  blootl 
cell  which  haa  been  afTccted  by  its  specific  aenaitizer  hz»,  on  the 
contrary,  the  power  of  fixing  a  large  amount  of  alexin,  which  then 
disappears  from  the  surrounding  Huid.  Certain  bacteria,  aa  the 
cholera  vibrio,  show  a  morphological  change  as  a  result  of  this 
alexin  fixation  brought  about  by  the  specific  sensitizer;  they  form 
granules  and  then  dissolve.  Sensitized  blood  cells  are  easily  hcmo- 
lyze-1  by  alexin.  Many  forms  of  bacteria  show  no  marked  mor- 
phological change  through  the  influence  of  sensitizer  plus  alexin. 
But  even  these  bacteria,  when  they  have  been  treatetl  with  the 
sensitizer,  show  flie  property^  as  do  the  more  suaceptible  organisms, 
of  fixing  the  alexin.  This  property,  ^en,  of  fi.xing  alexin  on  a 
cell  la  generalized  and  fundamental  property  in  every  sensitizer. 
Through  this  pniperty,  BoRlet  and  Geogoii^f  in  1900,  were  able  to 
demoiLstratc  the  presence  of  senrtitizeni  in  certain  active  sera.  These 
authors  showwl  that  the  sera  of  AninmLs  that  have  been  immunized 
against  the  typhoid  bacillus,  ihe  plague  Ijacillus  and  t)ie  like,  as 
well  as  sera  from  pal  ienLswhnliave  recently  recovered  from  typhoid 

*  Zui  KenotDLS  der  aDtitubsrkuloseQ  Seasibitisaluj^a.  BerlioBT  klm.  Wo- 
chaoBcLr,  1906,  p.  1331. 
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fever,  contains  specific  sensitizers,  inasmuch  as  any  one  of  these 

sera  has  the  property  of  fixing  alexin  in  the  pre?>ence  of  the  specific 
organisra  against  which  it  was  farmei! ;  tiiir^  property  is  not  possessed 
by  any  one  of  the  yera  undt-r  normal  conditions. 

Since  then  1  have  used  the  same  method*  to  demonstrate  spe- 
cific fJcnsitizers  in  ihe  serum  nf  animals  which  had  remve^.l  in- 
jections of  albuminous  substances  surh  a^  milkj  albumin,  fibrin- 
ogen or  alien  scrum.  An  albuminous  solution  on  the  addition 
of  its  specific  antiserum  acquires  the  property  of  fixing  the  alexin. 

The  technic  cmploj'ctl  is  as  follows;  The  bacteria  or  the  albumin 
in  question  is  mixed  with  a  small  amount  of  alexin  and  the  anti- 
scrum  in  which  wc  are  endeavoring  to  prove  the  presence  of  a  sen- 
sitizer, A  few  houre  later  sensitized  red  Uoal  cells  arc  aiidcd  to 
this  mixture.  These  cells,  which,  as  we  koow^  arc  very  susceptible 
to  alexin,  served  to  indicate  whether  the  alexin  which  was  added 
in  the  fir^t  place  has  remaine*!  free  or  been  absorbcvl  by  the  al- 
buminous bodies.  If  the  bacteria  or  the  albuminous  substance 
has  been  sensitized  by  the  serum  that  is  being  investigated,  it 
absorbs  the  alexin  and  subsequently  aikled  corpuscles  remain 
intactj  as  nu  free  ale?dn  Ls  present. 

In  this  i^ommunication  I  also  make  use  of  this  method,  which 
was  firwt  employetl  by  Bordet  and  myself  in  1901,  to  demoiLstrate 
the  presence  of  sensitizers  in  tfie  senjm  of  animals  that  have  been 
immumai.?il  witii  various  acid-fast  bacilli  aud  for  the  purptwe  of 
showing  by  such  sensitjzers  the  relations  between  sai)rii|ihytic 
bacteria  and  those  wbieb  are  pathogenic  either  for  cold-blooded 
or  wann-blooded  animals. 

Very  httle  work  has  been  done  with  a oti tuberculous  sensilizeis, 
Bordet  and  If  have  been  al^le  to  show  tliat  guinea-pigs  immunized 
with  avian  tubercle  bacilli  Form  sensitizers  which  are  active  against 
both  human  and  avian  tubercle  baciUi. 

Dcmbinski  noted  in  1904  that  rabbits  and  doves  which  have  re- 
ceived injections  of  avian  bacilli  form  sensitizers  againr^t  thcfic 
organisms,  but  no  such  sensitizers  following  the  injection  of 
human  tubercle  bacilli.  1  have  questioned  certain  of  this  author's 
conclusions4    Wassermann  and  BruGk§  have  recently  employed 


Page  241. 


t  See  p.  4ft3. 


r  Se«  p,  4M, 


f  Wussenuarm  nod  Unick,  DouUoLu  mod.  Wochaos^hr.,  lUOti. 
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the  Bortlct-Gengou  method  to  demonstrate  the  presence  of  anti- 
tuberculous  scnaitizere  in  tuberculous  patients  who  have  reedvod 
tuberculin. 

I  have  cnrrieil  out  my  experimcnta  on  guinea-pigs  which  have 
been  immumzcd  with  the  following  aci(i-fast  bacilU:  the  homo- 
geneous culture  of  tuberculoaia  of  Arloing*  obtained  from  Lille, 
bacillua  of  ii^^h  tuberculosis,  the  acid-fa^t  butter  bacilli  of  Rabinow- 
itsch  the  acid-fast  grain  bacilli,  No-  1,  and  Tobler  bacilli.  1,  II  and  V, 
anii  also  the  'Hmotliy  bacillus  and  a  bacillus  from  horse  dung.  Cul- 
tures oF  these  organisms  were  grown  on  glycerin  potato  mthout 
any  particular  refereuce  as  to  their  age  and  were  drieil  at  37  degrees 
for  2-1  hours  in  a  vacuum.  The  bacilli  were  then  gn>mid  up  and 
u-sed  at  various  periods,  subsequently,  for  injection.  Five  milli- 
grams of  powder  shaken  up  in  salt  solution  was  ustsl  for  each  in- 
jection in  the  guinea-pi^.  Tliree  such  injections  were  ^ven  at 
intervaJs  of  3  wE-eks  in  order  to  give  the  animals  lime  for  the  ab- 
seesses,  whieli  frecjuently  follow,  to  heal.  The  guinea-pigs  were 
bled  14  to  21  days  after  the  last  injection  and  the  separated  sera 
as  well  as  the  normal  serum  employed  for  control  were  heated  to 
5(5  degrees  for  half  an  hour.  Sensitizers  were  then  demonstrated 
by  the  Bordet-Gengou  method,  a  description  of  which  is  given  in 
their  first  article. t  It  may  be  noted  here  simply  that  in  all  these 
experiments  six  parts  of  the  serum  to  be  tested  wero  mixed  with  one 
part  of  guinea-pig  alexin  and  two  parts  of  an  emulsion  of  bacilli. 
This  mixture  of  bacilli  is  1  e.c.  in  volume  and  contains  SO  milligrams 
of  bacilli  from  a  fresh  eulture-J  Three  hours  later  one  part  of 
sensitized  goat  blood  was  a<lded  to  each  tube.§  In  the  following 
table  the  results  of  these  experiments  are  given.     This  table  shows 

*  The:£  Ijoctcriii  were  kindly  given  us  in  part  by  Dr.  Bioot  oi  tlie  PoaLcur 
lustitute,  FikTia.  and  in  pari  by  Di.  van  BtccuberRhe  of  the  Puteur  lo&bltutc  \a 
Lille,  lo  whom  !  wish  To  expresfl  my  Indebtednp^a, 

t  T  hnvc  dcmonj»tmt(^i1  lo  my  own  aati^tLction  thai  tbe  tnucB  of  potito  whjcb 
of  ni!c?afiity  mu^t  be  prcacnl  in  the  experimental  test  lubea  with  the  hacitli,  or 
whieb  are  iiij<wt«Kl  into  the  animml  during  the  itntnunliatJon  have  no  effwl  en 
tte  rcault. 

I  I  have  found  tli&t  it  is  better  to  iik  the  treth  cultured  inakeaJ  of  the  dried 
burilH:  the  dried  powder  frequcntty  of  il^lf  absorbs  alexin. 

I  la  atl  my  experiment.'^  on^  part  ol  washed  gout  blood  wiu  placed  in  coatoct 
fur  one  quorltrof  an  hour  wilh  one  partoFhcaLei]  inununi>  :iertini  aud  suU^eijuenUy 
woabedj  and  mixed  with  two  volutnva  of  085  per  cent  salt  solution. 
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bhatj  in  general,  the  injection  of  actil-rast  bacilli  m  guines^plgB, 
whether  they  be  saprophytic  or  pathogenic  for  cohi-bUxxlefl  ani- 
raaLs,  nr  of  the  homogeneous  cnlture  of  Arloingj  gives  rLse  to  sen- 
sitizers which  are  active  not  only  against  the  homologous  bacteria, 
but  also  against  other  acid-fast  bacteria,  whether  sapixiphytic  or 
pathogGnic.  These  sensitizers  are  particularly  active  against  the 
bacilli  of  human,  bovine  or  avian  tuberculosis.  There  are  certain 
exceptions,  however,  to  this  rule  which  are  brought  out  by  my 
experiments.  Acid-Fast  Tobler  No,  I  has  no  sensitizer  for  acid- 
fast  Tobler  No.  V;  Bacillus  Tobler  No.  II  has  no  sensitUer  far 
fish  tuberculosis,  and  Tobler  No.  V  none  against  avian  tuberculosia- 
I  have  not  studial  these  exceptions  any  further,  but  have  enn tented 
myself  with  calling  attention  simply  to  the  general  uniformity  of 
this  immunity  against  tubercle  baellUi  which  was  formerly  pointed 
out  by  Klemperer  in  g;uinea-pigs  following  the  injections  of  sapro- 
phytic acid-fast  baciUi. 

It  seems  to  me  wLso,  before  drawing  any  conclusions  from  ray 
results  as  to  the  relationship  between  the  difTercnt  acid-fast  bacilli, 
to  continue  thcae  experiments  and  particularly  to  follow  more 
closely  the  time  of  occurrence  of  the  antibodies  in  the  immunized 
animala. 
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XXVIL    THE   BACILLUS  OF  T^TTOOPING-COUGH* 


Bt  DRS.  J.  BORDET  a>d  O.  GENGOU. 


The  bacteriology  of  whooping-oough  has  been  sturlierl  to  a  con- 
siderable exteut  during  ilie  last  twenty  yean^.  Many  bacteria 
have  bcf?n  isolated  fmin  the  sputum  and  described  as  the  true 
etiological  factor  In  this  disea.sc;  we  believe,  however,  that  none  of 
theso  niicro-organisms  that  have  been  grown  by  our  prtdecessora 
is  identical  with  the  one  we  have  abtaineti,  which  latter  organism, 
on  account  of  the  lo^cal  proofs  that  we  have  been  able  to  find, 
must  be  considered  as  the  true  parasite  that  has  been  sought  for. 

The  failure  of  other  bacteriologists,  as  well  as  our  own  fiulures 
for  neaiiy  six  years,  during  which  time  we  have  studied  whooping- 
cough,  are  easily  explicable  in  view  of  certain  circumstances  which 
may  be  briefly  mentioned. 

As  every  one  knows,  the  success  of  attempts  to  isolate  an  un- 
known pathogenic  agent  depends  on  the  presence  of  a  sufficient 
number  of  the  organisms  in  Ihc  product  that  is  studied  anci  on  the 
fact  that  these  organisms  shall  not  be  lost  in  the  midst  of  innumer- 
able non-specific  bacteria.  These  conditions  of  relative  abundance 
and  purity  of  culture  of  the  specific  organism  arc  not  easily  met 
with  in  the  majority  of  cases  of  whooping-cough,  except  in  the 
beginnings  And.  what  is  more,  even  during  this  beginning  period 
only  that  part  of  the  expectoration  which  comes  from  the  region 
in  which  the  bacteria  are  most  active  should  be  used:  in  other  worxls, 
the  prtjduct^  from  the  depths  of  the  bronchi  expectorated  during 
the  periodic  accesses  of  the  disease.  This  exudate  during  the 
characteristic  "whoop"  is  white,  thick,  and  rich  in  leucocytes; 
it  contains  the  baeUli  of  whooping-cough  in  cousideraljle  numbers 
and  in  favorable  cases  in  ahnost  pure  culture.  At  the  same  time 
the  child  often  expectorates  a  more  transparent  mucous  and  sticky 
secretion  which  contains  less  cells  and  many  fewer  speeifie  bac- 

*  Lc  miorobc  do  la  coqudtiohe,  Annalcfl  do  Tliutitut  Pvt«ur,  to).  SO,  ISOOi 
p,  731. 
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teria  and  numerous  other  extraoet)U3  organisms.  This  latter  Conn 
uF  expectoration  shoulrl  be  avoljec!  in  making  cultures.  If  the 
expectoration  is  examined  on  successive  days,  U  is  found  that  the 
leucocyti(\  exudate  coctains  Fewer  and  Fewer  specific  bacilli  and 
that  phagocytosis  occurs  more  frequently  than  at  first.  Although 
the  accesses  oF  whooping-cough  continue  numerous  and  characteris- 
tic, the  richness  of  the  ctilture  becomes  less.  It  may  be  that  the 
organism  still  persists  in  the  tissue  of  the  bronchi,  but,  at  any  rate, 
it  13  certain  that  the  number  of  ofganisras  eliminated  by  expecto- 
ration decreases  notably.  This  later  exudate  is  less  suiterl  for 
growing  the  organisms,  and,  what  U  myre  important  still,  micro- 
seopieal  preparations  of  it  evidence  this  fact  clearly;  to  one  who 
has  studied  the  previous  earUer  expeclJura lions,  the  subsequent  less 
favorable  ones  show  clearly  the  importance  of  this  bacillus  and 
its  fuucticn^  The  relatively  short  duration  of  the  favorable  period 
for  obtaining  cultures  of  the  whooping-cough  baciUu3»  the  unequal 
distribution  of  the  bacillus  in  the  sputum,  and,  furthermore,  the 
difficulty  in  obtaining  the  secretions  at  the  proper  moment  from 
infantfli  all  render  the  study  difficult.  Although  the  research  is 
difficult  even  when  dealing  with  pure  cases  of  whooping-cough, 
It  becomes  even  more  so  when  the  disease  is  complicated  by  non- 
Bpecific  colds,  bronchitis,  bronchopneumonia,  etc.;  in  other  words, 
when  other  bacilli  of  respiratory  affections  are  nuxed  with  those 
tiiat  cause  the  disease-  The  sputum  obtained  from  chiklren  at 
home  is  therefore  e^Tdently  much  more  suitable  for  study  than 
materials  obtained!  in  the  hof*pitaL 

The  necessary  conditions  for  success  in  such  a  research,  a?*  well  as 
the  causes  of  error  that  may  throw  an  investigator  off  the  track,  will 
appear  more  clearly  if  wc  give  a  f^fiort  rt^uin^  of  our  own  attempts- 
Incideutally  we  shall  mention  certain  non-specific  bacteria  that  we 
havt?  Fref|Uently  met  with  which  may  be  confuuntled  with  the  true 
baciJlua  and  to  which  other  Iwicteriulo^sta  have  drawn  atLention. 

Our  first  re-searches  on  whooping-cough  began  in  1900.  At 
this  time  a  child,  B,  aged  5  months,  subsequent  ta  contact  with 
children  that  were  beginning  to  cougli  and  in  whom  the  diagnosis 
of  whoopujg- cough  was  later  deteniuned,  suffered  an  attack  of 
tj^ical  whooping-cough.  The  health  of  this  child  had  hitherto 
been  perfect.    She  had  never  had  even  the  slightest  disease  of  the 
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respiratory  tract.  One  of  u^  who  followed  her  case  carefully  wbs 
able  to  obtain  a  whitish  shred  of  eicudate  that  was  not  mixed  with 
saliva  which  was  projected  by  the  whoop  in  the  first  chararterislic 
crisL=.  The  microscopical  exainiuation  with  Ktihtie's  carbolate<l 
blue  stain  showfyj  that  this  rich  leucocytic  exudate  eont^ned  ad 
enonnou^  number  of  little  ovoid  bacilli  which  were  somewhat 
elongated  at  times,  but  frequently  so  short  as  to  resemble  a  micro- 
ooccus;  ill  ^neral  the  aspect  was  rather  constant,  the  st^n  a  pale 
blue^  and  the  outline  of  the  bacillus  and  particularly  its  pole*  were 
frequently  more  deeply  stained  than  the  center.  Thia  organism 
was  found  srattcre<i  iiidiacriuunatcly  among  the  cells  and  was 
at  times  within  cells-  Some  of  the  larger  oi|:anisms  frequently 
showed  a  little  point  towarrl  the  center  that  appearal  to  be  walled 
olT;  the  majority  of  the  bacteria  were  separate,  but  some  of  them 
occurred  in  pairs,  end  to  end.  Gram's  stain  was  cegati\'e.  The 
growth  of  the  organism  wa^  so  abundant  and  the  culture  was  so 
pure  that  it  seemed  reasonjible  to  admit  some  causal  rclarion  be- 
tween this  organi.sm  and  the  appearance  of  whooping^cougli  in  a 
child  whose  bronchi  hofl  not  previously  been  afTccteil.  All  a1  tmnpts 
to  cultivate  the  organism,  however,  were  unsuccessful.  Tht*  exu- 
dale,  when  grown  on  ascites-agar  (ascites  fluid  mixe^l  ia  equal  partj* 
with  melted  agar)  or  on  agar  moistened  with  human  or  i^bbit 
blool,  gave  only  a  few  colonit??  of  uniniiwrLant  eoeci.  Such  meilia, 
however,  are  very  well  suiLei.1  to  grow  delieale  bacteria;  on  blood 
agar,  in  particular,  tlie  inoculation  tjf  fsputum  from  cases  of  grippe 
givey  an  Hbiindaiil  growlh  of  !lie  inHuenza  bacillus.  The  sputum 
on  subsequent  dayft  showed  ap^jgressivediniinutbn  in  lliis  baciilus. 
In  short|  ahhuugh  mlcroscopii^al  examination  slioweil  riiiLHy  organ- 
isms, culture  was  unsuccessfuL 

During  the  following  yeare  we  rnaiie  a  bacteriological  examina- 
tion of  a  number  of  wlioo ping-cough  sputa  in  Bra-^sels,  the  most 
pnrt  of  which  we  collected  in  h<.>spitab.  We  usually  iLsetl  the  cul* 
turc  rnwiiuiu  which  wo  liave  found  very  useful  in  growing  delicate 
bacteria,  particularly  thtw^e  bacteria  which  we  have  studied  in  our 
work  on  the  flora  of  the  respiratory  tract.*    The  majority  of  these 

*  The  culture  indium  14  prciiiired  in  t1»>  fullowiii^  manitpr:  lOOgrunu  of  nliced 
pota1o«d  tm  a^l\^cd  to  !JLH]  c.Cr  of  4  per  cent  glyccnnal^  water.  Tli;^  in  sleam^ 
in  Lhc  auloclavo  cml,  od  ecporaliag  the  fluid,  acanecaTratcii^lycorijiatciJrxtniot 
of  potALo  La  oblalncd-    To  ^  c^^:.  of  Ibi^  &?(i.nu:i  ia  added  150  c.c-  of  G  pvr  cunt 
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sputa  were  from  {'.ns&i  nf  whuopi ng-cnugli  thai  were  not,  stu<li«I  m 
the  btginningr  but  werv  well  Jidvaticetl,  and  l.hi.'y  conlainaJ^  thore- 
fore,  a  rich  and  varied  flora.  We  paitl  partif-ular  attention,  ob- 
viously, to  the  study  of  those  bacteria  that  we  hwl  ohserv-ed  so 
abundantly  in  a  pure  state  in  tlie  single  case  in  1900  whicrh  we 
have  uiDntionwl.  - 

We  fouod,  indeed,  in  greater  or  less  nuiubers,  small  ovoid  bac- 
teria which  were  faintly  stainetl  and  wen?  quite  similar  to  those 
we  fnmierly  observ'eil.  The  most  frequent  organism  that  we  found, 
however,  was  still  smaller,  better  colored  and  either  separated 
or  in  cluraps  and  frequently  somewhat  long  or  even  filaiueulous- 
This  organl&ui,  which  occurred  in  almost  every  case  in  abundance, 
grew  well  on  our  medium;  it  gave,  indeed,  in  the  majority  of  coses, 
the  greatest  number  of  colonies.  These  colonies  were  bluish  or 
pTiyish,  elightly  devaleil  iu  the  center,  rather  diaphanous,  par- 
ticularly at  the  edgefl,  and  almost  transparent  in  young  culMires, 
and  resombled  drops  of  dew.  Microscopically  the  organism  waa 
smollj  did  not  stain  by  Gram,  was  u^^ually  short  and  delicate, 
appefircd  frequently  as  a  dot,  and  m  certain  cultures,  particularly, 
showed  a  marked  tendency  to  pleomorphism.  Certain  indiviflual 
bacteria  were  somewhat  thicker  and  swollen  auil  others  showed 
curious  involution  forma  which  stained  faintly  or  unequally,  TUia 
organism,  although  it  iloea  not  grow  on  agar  or  ordinary  lx>uilh»a, 
grows  very  well  in  the  presence  of  hemoglobin.  It  was  easy  to 
determine  that  wc  had  to  deal  with  an  organism  which  was  idi-n- 
tical,  or  at  least  analogou:^,  with  the  one  discovered  by  PFeifTer 
in  influenaa  and  which  other  bacteriologists  have  nul^l  in  whoop- 
ing cough  and  even  consiijereil  as  the  specific  bacillus — an  opinion 
which  is  reasonable  enough  when  we  consider  its  frequency.  Thf? 
work  of  Jochmann  and  Ivrausc,*  giving  a  very  exact  description 
of  this  bacillus  and  mentioning  its  need  of  hemoglobin,  bad  just 

salt  solution  aii<l  o  granvj  of  a^pr.  Ttiia  mixture  Js  mellod  in  tbo  nntcvLivo  and 
the  warm  fluul  U  placed  m  tcsl  LuLwa,  2  or  3  c.c.  to  s,  liil>c.  The  luU-a  ift  tlitia 
aiprilized.  SLi^rili!  delibrjniiteii  ruhhil  blouJ,  vt  prrkrj.ti[y  human  hlooij,  U  (tk?ti 
ohtjLib^-  To  each  melted  ag^r  Tutic  :\n  equal  amount  of  blocjd  is  added»  tho 
pibiturc  well  ohakca  auiL  ttii;  tubc^  nlmitcil  arjit  cooled.  This  mciJiuEn  altows  the 
g!v>wih  oj  such  dplicatp  organiMna  uh  the  [i]chi[iguc{M:ciis,  gonocnccua,  Ihe  influeraft 
bacillus  and,  a^  we  ^hull  prvsecUy  see,  tbi> « hooping-cough  bacillus.  A^  ihc  media 
CODtains  nu  pepton  U  Is  not  very  jjood  for  tha  growth  of  putrefactive  eapropliytoa, 
•  Zeiidcbrift  far  HyglcQe.  ItHJl.  Bd.  36, 


STITJIES   IN    IMMl'NITT. 

appeared  at  timt  time.  This  dGscription^  indeeti,  agrees  perfectly 
with  our  owD.  We  found  as  well  as  these  anthnre  thai  this  organ- 
ism wa.1  present  in  Urgo  numbers  in  almost  pure  culture  iwith  the 
exception  of  a  few  pneumococci)  in  tho  pus  of  the  pmaUer  bmnehi 
at  an  autopsy  of  a  child  who  dio^i  of  broncho pnoumooia  following 
whooping-cough.    Such  facts  evidently  seemed  significanL 

In  studying  this  problem^  wo  naturally  had  to  com]>are  this 
bacillus  aa  it  appeared  in  our  cultures,  or  in  the  newer  cases  which 
wc  hwi,  VQvy  carefully  as  reganle  morpholog>',  with  the  organism 
which  we  found  in  our  fiivt  case  in  19C0  and  which  eoomol  in- 
contcatftbly  to  be  the  true  parasite,  ii^ueh  a  comparison,  however, 
did  not  settle  our  doubt.  This  latter  organism  evidently  belongs  in 
the  group  of  small  bacteria  that  stain  poorly,  as  well  as  the  influ- 
cnaa  bacillus  whieh  has  already  been  cultivated.  The  appearance 
of  the  two  organisms  h  not,  however,  identical.  If  we  consider 
the  bacteria  that  we  founil  in  the  exudate  in  1900  as  typical,  they 
are  of  more  regularly  ovoid  form,  and,  as  a  general  rule,  somewhat 
larger  and  with  a  more  constant  deeply  staineil  eentcr.  Might 
it  not,  however,  seem  reasonable  that  a  given  bacillus  in  an  arti- 
ficial medium  should  not  appear  identical  with  one  ol*^e^ve<l  in  a 
pathological  specimen?  In  short,  the  two  bacteria  might  be  con- 
«deretl  Jdentiral^  and  the  opinion  that  a  bacillus  similar  to  the 
influenza  b^r^ilhis  has  an  etiological  function  might  well  be  accepted, 
partieulaHy  when  it  has  been  elaimal  by  the  bacteriologists  to 
whom  reference  has  Ix^en  mzule. 

There  are  three  grave  objections,  however,  to  this  hypothesis. 
In  tlie  first  plaice  the  bai-ilhu-j  In  thr  [y[)ieal  exudati'  of  1000  tlid 
not  grow  in  bVxvJ  agar,  ifi  which  rnediunj  the  influenza  bacillus 
would  certainly  have  grown  readily.  Then  we  have  not  been  able 
to  demonstrate  any  particular  properties  against  this  latter  organ- 
ism in  the  serum  of  children  that  have  recovered  from  whooping- 
cough ,  in  apite  of  repeated  attempts.  Other  bacteriologists 
must  also  have  obtained  similar  negative  resultSj  for  no  mention  is 
made  in  the  work  of  ti'pengler,  of  Jochmann  and  Krausc  and  others^ 
of  specific  propcrtieri  in  the  blood  of  recovered  cliildrcn.  Ami 
finally  we  found  tliat  this  organism  was  present  not  only  in  whoop- 
ing-cough, but  also  in  the  various  respiratory  affections  in  the 
adult  as  well  as  in  children,  in  cases  of  grippe.  bri:}nchitia  and 
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bronchopneumonia  as  a  complicalLon,  in  various  diseases,  an^l  abo 
frequently  in  a  pure  stale  in  simple  ci:jryza.  These  lintlings  agree 
with  the  faets  of  uertain  of  our  preiiecessors,  notably  with  those  of 
Elmasaian. 

In  short,  thid  organirtni,  whii:h  re^iembles  the  one  rleseriberl  by 
PreifTer  as  the  cause  of  influenzaj  is  certainly  not  the  e^use  of  whoop- 
ing covigh.  We  have  this  year  been  able  to  isolate  a  specific  baeil- 
\u^,  since  we  have  harl  at  our  fli^position  favorable  cases^  among 
which  the  one  that  furnished  our  first  successful  culture  may  be 
mentioned  in  some  detail.  It  was  a  male  child  of  two  months, 
nuraed  by  ite  mother,  in  excellent  health,  who  had  been  contaniin- 
ateil  by  a  neigh bor'g  child  who  later  on  showed  a  most  characleristic 
case  of  whooping-coughi  Tho  child  began  to  cough  and  the  charae- 
tcristic  paroxyanis  soon  came;  during  one  uf  theiie  paroxysms  a 
white  bit  of  exudate  which  wa^  extremely  rich  in  leucocytes  was 
coughc^I  up,  Thia  exudate  containetl  enormous  numbers  of  a 
micro-orgam&m  which  was  identical  with  the  one  wc  bad  seen 
several  years  before  and  in  a  similar  condition  of  purity  and 
abundance  * 

This  exudate  was  shaken  up  in  salt  solution  so  as  to  form  various 
dilutions  and  these  dilutions  were  inoculatctl  on  our  medium.  The 
surface  of  those  tubes  tbat  ha<.l  been  inoculate*!  wilh  a  relativt-ly 
concentrated  dilution,  in  which,  therefore,  the  specilic  orgamsm 
was  present  in  large  numbers^  &howe<l,  instead  of  a  uniform  growth 
at  tbe  end  of  2  days,  only  a  Few  conlannnating  colonies  (some 
coccus  that  occurs  in  the  saliva).  Tlie  platinum  loop,  however, 
removed,  from  the  part  of  the  surface  of  the  culture  which  appeared 
to  be  sterilcj  a  large  numlwrr  oF  the  orgaui^jriH  tliat  were  being 
sought  fur.  It  appcan^l  as  if  multiplication  ]ia<l  actually  taken 
place  but  was  too  slight  to  give  rhc  to  visible  colonies. f  This 
organiwni,  implanteil  on  a  second  tube,  grew  much  better,  givhig 
rise  to  a  defioitf  line  nf  Iriiplaotation,  and  the  culture  then  became 
luxuriant.     MorpitnlcgieaUy   the  identity  of   this  organism   with 

*  On  auccenive  daya  the  quuatity  of  bacteria  proeresaivEly  dimmistiml.  The 
pafDij-Hind  conLioued  fitr  ubaut  3  weekv  and  Ih©  cbild  got  well  afte^  complicn- 
lioas. 

\  At  times  we  have  found  thaL.  certain  individual  micro-organiama  Rive  rise  to 
dir^tinclly  vjrjblt-  culouies  iQ  2  or  3  daya  eveu  Ju  the  OnL  cLiltiire^  This,  liowev«T, 
is  tbo  exception. 
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that  present  In  the  exudatG  waa  not  only  wholly  BatiBfactory,  but 
as  compbte  and  absolute  m  possible** 

The  cultural  comparison  of  thit  organism  with  tho  influenza 
bacillus  shows  that  the  two  are  essentially  different.  On  blood 
nie*lia  the  whooping-coufih  bacillus  growa  much  less  rcaiiily  during 
the  first  generation,  but  much  more  luxuriantly  eulMcqut-ntly. 
It  growa  a  liltlc  more  slowly.  lU  growth  is  whitish  and  thicker 
and  without  the  bluish,  diaphanous  appearance  of  the  influenza 
growth.  It  does  not  ehow  as  great  a  neevi  of  hemoglobin  as  does 
the  inHuenza  bacillus,  but  when  grown  subscciuenlly  on  colorless 
ascites-agar  it  develops  in  n  white,  oily,  and  nioisL  layer  which 
becomes  eo  opaque  that  in  2  or  3  days  it  is  [dnlo^t  a.s  thick  ba 
a  culture  cjf  typhoid  bacillus  on  ordinaiy  agar.f  The  whooping- 
cough  Ijacillus  has  lees  tendency  to  pleomorphtf^ni  and  involution. 
U  does,  Lo  be  sure,  become  smaller  during  several  generations  on 
our  blood-culture  me<^liuni,  but  it  soon  regains  its  primitive  form 
on  bi-'ing  inticulatt^l  iu  a  li^iuid  njedium  and  ihi^n  reinuculated  on 
solid  media.  AUhuugb  it  faiU  U}  grow  on  the  usual  media  sterit- 
izetl  in  the  autoclave,  such  as  agnr,  gdatin  and  ordinary  bouillon, 
it  develops  well  in  such  liquid  media  as  1  per  cent  glycerinated 
bouillon  with  equal  parts  of  rabbit  blootl  or  serum,  although  under 
these  conditions  its  form  fnx^uently  changes. J 

Although  our  researches  on  the  subject  are  not  finiahe*!,  it  is 
probable  that  the  organism  secretes  suh^tanccH  that  pro^luee  local 
effects  rather  than  general  intoxication,  that  is  to  say,  which  pro- 
voke an  irritating  and  even  a  necrotizing  action.  The  organism 
when  injected  suboutaneouely  or  intrapt^ritoncally  in  lla-  guinea- 
pig  is  fatal  only  in  ver>'  large  dosei>.     On  injecting  a  little  of  the 

*  W^uw,  junalnm,  carbolitfcl  loluidin  liltie  prepnrfHl  in  the  rci]]o4'iDg  mannar; 
ToluiJin  blue  (GKkblcrj,  5  grams;  ulcubol,  tOO  c.c;  nalcr*  500  grainfi;  complete 
sokitioQ  la  alLuHoi  and  Ibi^n  3O0  granu  of  5  per  ccQt  CLLrl^late<J  wuLcr  i^  lidded. 
The  ftLkrn  Is  tilt€r«1  L  or  2  dayn  Later.  This  Mue  Is  preft-raLte  to  orJinary  carbo- 
lated  mclliyli^iic  hlua. 

t  These  rcinvku  nnturiilty  i^rer  only  to  the  orgAaism  thai  boa  been  accus- 
tomed togro<:i'iiig  on  orltlitiA]  me<)ia:  it  iiby  no  meona  mre  that  the  organism  will 
grow  in  the  first  generation  on  ascitcfi-E&gnr. 

I  This  fact  Acpjitate^  it  ugually  frum  the  otb^r  baeterla  thai  ^row  oa  ordmary 
mffdJd  nolvJ  by^  certam  ol}sen'«r>«  lAfanA^icw,  Czflplwaki  and  Hcuxd,  Vinoenat, 
Mauicatide,  Lcunaui,  etc),  and  ar?  dcmoEutrublp  in  c|ui(e  pure  nLoopLDgH:ougb 
Sputa.    Tliare  la  no  need  of  considering  these  orgaimDU  in  detail. 
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whooping-cough  pxiKiatc  which  cantaina  numemus  organLsiiis,  in 
the  eye  of  Lhf  rabbit,  only  \(^ry  sUght  growth  occurs:  tlie  aque<jua 
humor  rcmaina  limpit!  aiwl  white  ami  intense  weeping  takes  place, 
together  with  an  excessive  conjunctival  congestion-  Injection 
of  a  small  amount  of  pure  culture  pftwluces  the  same  lesions,  the 
gravity  of  which  is  surprising  in  view  of  the  fact  that  there  is  httle 
or  no  multiplication  of  organisSnis.  If  such  a  course  goes  on  in  the 
bronchi^  it  is  easy  to  underetund  the  accesses  and  their  persistence 
even  when  the  growth  oF  the  organism  decreases. 

The  authenticity  of  this  bacillus  as  the  causal  agent  in  whooping- 
cough  roPts  in  large  part  on  the  circumstances  in  which  it  is  founds 
namely,  the  excessive  growth  of  the  organism  in  pure  culture  during 
the  initial  period  of  diseases  in  young  children  who  have  never 
before  been  ill.  The  principal  argument,  however,  in  favor  of 
this  organism  appears  to  us  to  be  furnished  on  studying  the  specific 
properties  of  the  serum.  The  serum  of  individuals  that  have  never 
hati  whooping-cough,  or  who  have  had  it  a  long  time  before,  does 
not  a^yrfutinate  the  bacillus  even  in  low  dilution.  The  sera  of 
children  that  have  recently  recovered  from  the  disease  has  a  mod- 
erate agglutinating  property  which  is  constant  and  evident.  The 
moat  remarkable  fact,  moreover,  is  the  intensity  of  sensitizing 
property  in  ?^uch  sera.  To  demonstrate  it  we  have  used  our  accus- 
tome<l  method  of  alexin  fixation. 

The  essentials  of  this  method  which  we  demonstrated  in  1901 
and  employed  to  demonstrate  the  presence  of  aen^itiiers  in  many 
immune  senij  are  well  known,*  It  has  since  been  employed  by 
numerous  experimenters —  Lesour^l,  Lambotte,  Faasin,  Cohen»  and 
more  recently  by  \VaJ*Hcniiann  ami  Bruck.f  One  of  us  establishetl 
in  1900J  that  sprcific  sensitizers  which  are  active  against  bac- 
teria or  n-d  blood  cells  endow  the  element  which  they  attack  with 
the  new  properly  of  alBorbing  alexin  energetically.  If  a  mixture 
of  aWin  (fresh  animal  .serum),  of  the  substance  under  considera- 
tion, and  of  a  suitable  sensitiaer  (that  U,  immune  serum  heated  to 
56  degrees),  is  prepared  in  suitable  proportions  it  is  found  that  after 
a  certain  perio<i  the  alexin  has  disap|>enre<.i  from  the  fluid-    Con- 

•  a™  p,  217. 

t  The  tiistorical  aecoUDt  oF  our  nicthnd,  by  Wru^cmmaD  and  Brack,  of  vhicb 
they  have  loadc  cuaaiderabEti  use,  if  remarkably  bri&f. 
t  Sob  p.  iBd, 
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sequenlly,  if  ficnfiitiaed  corpuscles  are  subsequently  inlnxluc€<i  into 
the  inixluro,  thuy  undergo  no  hemolysis.  Certain  other  mixtuitB, 
the  list  of  which  will  bo  found  in  our  previous  articles,  ^vo  the 
neceeeary  control;  in  one  of  them  in  partieulor  it  is  proved  that  if 
normal  scrum,  which  is  not  sensitizing,  is  used  in  the  firet  mixture, 
instead  of  the  apccific  scrums  there  is  no  delay  in  the  hemolysis  of 
the  subflcqucntly  aikletl  corjjusrlcs. 

If  we  employ  the  scrum  of  children  that  liave  recently  recovered 
from  whooping-cough  in  such  a  test  as  this,  the  result  Js  very  demon- 
Etrative,  In  our  fir^^t  experiment  we  employed  the  scrum  of  three 
dilTerrnt  chililrcn  who  hail  recovered  from  two  weeks  to  a  month 
previously,  and  as  controls  the  sera  of  three  normal  individuals. 

These  different  sera  were  heated  to  5G  degrees  and  were  mixed 
in  Aoses  varying  from  0.1  tti  0.3  of  a  cubic  centimeter  with  0.05  or 
0.01  ofadubiccentjnieteraf  fre^h  humanorguinea-pigsermn  (alexin) 
plus  0.2  of  a  cubic  centimeter  of  an  emulsion  of  the  whooping-cough 
bacillus  (a.  24-hnur  culture  fiutip(*ndeil  in  talt  soliitiou).*  Four 
hours  later,  after  remaining  at  room  temperature,  a  little  weil-sen- 
silized  goat  blood  waj^  added  to  each  tube.  Hemolysis  took  place 
in  a  few  moments  in  the  tubes  containing  normal  serum,  but  the  cor- 
puscles remained  intact,  even  on  the  following  day,  in  those  which 
containe<l  whooping-cough  serum.  The  sensitizing  property,  then, 
of  the  fiemni  from  a  case  of  whooping-cough  is  very  energetic  even 
in  so  small  a  dose  as  0.1  oF  a  cubic  centimeter.  It  is  scarcely 
necessary  to  mention  that  the  serum  of  fiuch  cases  does  not  fix 
the  alejdn  unless  the  whooping-cough  bacillus  is  present;  the  other 
necessary  controls  are  also  made- 

The  organism  resembbng  the  influenza  bauillua  acts  no  differ- 
ently with  whooping-cough  scrum  than  it  does  with  normal  serum. 
Such  an  experiment  shows  not  only  that  thia  latter  organism  has 
nothing  to  do  with  whooping-cough^  but  serves  to  separate  the  two 
bacterial  species  from  one  anothcr.f  In  other  ejcperiments  the 
same  results  were  obtaincdn     Wc  tcstetl  the  sera  from  two  ditTerent 

*  The  experiment  may  be  ddae  with  either  of  thea^  ultixiaa,  but  tbc  giiiiiea-pig 
&[cXLD  LB,  in  general^  qioto  favorable  for  hcEnolyBia  and  therefore  better  to  use. 

t  It  bLduU  be  noted  that  the  Lufluensta  bacilluB  Ima  in  llmXt  a  cerlnia  property 
tor  abHorbing  niexin  withoyt  the  presence  of  any  eenaclixer.  We  have  alrt*ady 
Dialed  that  the  whoopuig-coiiEh  bftciUua  Joea  thb  only  when  whoop JAg-cougli 
•enim  ia  present. 
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children  of  the  same  age  {4  years),  both  of  whom  were  convalescent, 
one  of  whooping  cough  and  the  other  of  bronchopneumonia  follow- 
ing scarlet  fever.  As  a  result,  0.2  of  a  cubic  centimeter  of  the 
serum  in  the  first  case  sensitized  the  whooping-cough  bacillus  and 
produced  alexin  absorption.  The  subsequently  added  sensitized 
corpuscles  remained  intact,  whereas  hemolysis  took  place  in  5 
minutes  in  the  mixture  containing  the  other  serum. 

As  we  regard  the  facts  in  the  etiology  of  whooping-cough  as  well 
estabhshecl,  we  shall  hope  to  announce  soon  the  results  of  attempts 
at  serumtherapy  or  active  immunization  which  we  have  made.  It 
may  be  mentioned  in  this  connection  that  the  injection  of  a  cubic 
centimeter  of  culture,  kilied  by  heating  to  62  degrees  *  produces  no 
unpleasant  symptoms  in  man. 

*  Heatiug  to  55  degrees  suffices  to  kill  tbe  argaaLsni. 


XXVTII-  AN   ADDITIONAL  NOTE  ON  THE  WHOOPING- 
COUGH   BACILLUS  * 


Bt   DRS.    J,    BOKDET    iND   O-    UENGOU, 

It  b&s  eeemcd  to  us  well  to  ^ve  certain  acitlitional  mfcmiation 
coDceming  our  study  of  the  whoop ing-eough  bacillus  ia  order  to 
faciliiUite  the  work  of  other  bacteriologists  who  arc  interested  in 
the  subject. 

Our  researches  during  the  last  year  have  fully  GoDhrmcd  our 
convictioa  as  to  the  authenticity  of  the  organiam  wc  dcacribal  at 
that  time  as  the  uauaal  agent  in  whooping-cough.  Wc  shall  not 
repeat  the  arguments  which  we  gave  in  our  former  article^  but 
will  simply  add  that  wc  have  in  ever}'  instance  fouml  a  strong 
aciisiliziug  power  in  the  sera  of  children  tiiat  have  recovered  from 
whooping-cough. 

A  culture  medium  which  wc  have  already  deacribeil  —  a  inisture 
of  rabbit  blood  and  agar  containing  a  little  glycerinaleil  extract 
of  potato  — still  seems  to  be  the  best  for  isolating  the  orgaiiism.f 
III  growiog  the  organisms  the  most  important  fact  is  that  the  whoop- 
ing-cough bacillus,  at  least  in  tbe  (in^t  culture,  grows  very  slowly; 
at  least  2  days  in  the  thermostat  U  necessary  for  the  appearance 
of  colonies,  anrl  these  ntay  reinain  vt?ry  small  unless  the  medium 
is  most  earefully  prepanxl.  Little  or  no  growth  lakes  [jlaee  if  the 
medium  has  become  drieil  or  if  enough  contaminating  organisms 
of  rapid  growth  are  mL'ted  with  the  colonies  aiul  inunopohze  the 
nutrient   piTjpi.Tties  of  the  metiluni.     If  these  unfavorable  con- 

*  Kate  ccHnpl^tnentuiru  aur  Iv  uucrobe  Je  U  coqudLiche.  Anjiatt^a  de  I'ltiatitul 
Paateur,  Vol.  21,  I'JQl.  p.  720. 

t  Tha  ftjllowing  obficn-ation  is  of  tome  hopuriuncij  in  obttiJnitig  a  growth. 
Tbe  clefibrinalwl  lAootl  adJeJ  to  the  fluid  ap*r  should  be  very  cart-fuHj  mixed 
with  it  by  atioking.  The  bUvid  is  of  grsiicr  epwific  gravitythan  the  agar,  anrl, 
1]d]«3  llicy  ore  onrefuUy  mixed,  the  uppi?r  port  of  the  medium  b  composed  of  agar 
thai  GuntiiioA  very  little  blouOi  iiiid  tLcr^forQ  nbeu  the  luljcfi  org  filctuled  ibeir 
dtirfoces  offer  a  very  uofavorabLe  rulture  medium. 

■1^2 


ADDITIONAL  NOTE   ON  WHOOPING-COUGH  BACILLUS.       483 


ditiona  are  avoided,  colooiea  may  be  obtained  even  in  the  first 
culture,  which,  although  not  close  together,  show  a  gooil  prowth  at 
the  end  oF  the  third  ciay,  and  arc  diatinguiahablo  by  their  whiteness, 
their  projection  and  their  clearly  circumscribed  outline. 

Certain  sputa  which  are  particulariy  favorable,  when  suitably 
diluted  and  inoculated  on  the  culture  medium  have  given  ua  almost 
pure  cultures,  including  100  to  200  times  as  many  whootDing-cough 
colonies  aiS  colonies  of  other  bacteria. 

We  have»  as  well  as  other  authors,  mentionetl  the  frequency  of 
a  bacterium  similar  to  that  described  by  Pfeifferas  the  cause  of  iu- 
fluenza,  in  the  sputum  of  whooping-c<mgh^*  aiwi  we  bavc  a-Lso  mrn- 
tionetl  the  fact  that  the  presence  of  these  organisms  offers  a  s^tIuus 
obstacle  to  the  isoUtirm  of  the  true  |>arasite  nf  whooping-cough. 
They  ususdly  form  numerous  colonies  which  develop  mpidly.  These 
organisms  an?  not  agglutinattxl  by  tlie  serum  oi  a  horse  immuiiize<l 
against  the  whooping-cough  baeillus,  although  this  serum  aggln- 
Linatea  the  latter  organism  energetically;  the  serum  may  therefore 
be  used  as  a  ready  and  infallible  means  of  differentiatioo.  ^Cc^o- 
seopically  these  organisnos  are  frequently  rather  difficult  to  dis- 
tinguish from  the  real  whooping-cough  organism. f  A  few  suc- 
cessive cultures  on  blooil  media  suffice  to  distinguish  the  two 
organisms  with  eertainty.  When  the  whooping-cough  bacillus  is 
inoculated  on  the  surface  of  blood  agar  in  a  delicate  etrcalc,  ihe 

■  Vie  mi^^ht  better  say.  iJentical  with»  rather  thun  aiinibr  to.  TVe  fiaveculti- 
VELted  for  £omc  time  par&)k-E  i^iiltures  of  bacuria  oF  t\\\s  ^rt  oomirig  from  oase*) 
oC  irhcx>pmK-CQUgK  and  the  typical  mfluciicii  bacillue  nhich  waa  kindly  given  ua 
by  Dr.  Cohf>a,  who  ubtaiBed  it  frum  riciffer's  labunitury.  Cunipuri^oci  of  the^ 
cultures  fihflWH  no  pereopiibfe  diflpTenco  between  tltc  organisms. 

t  Tbia  h  particuljLrly  true  la  tbc  Brst  RcncratloQ  of  cuUurca.  Certain  indica- 
tiooa  on  Lliirt  puint  nmy  lie  nrwful.  On  suspfciding  in  wnlrr  to  m&k*^  a  Maine"! 
preparation,  tlio  influenza  bacilli  give  an  emulsion  with  a  lendenoy  to  HponlatieouB 
ogglutiiiulion,  so  Lh:it  in  Jryin^cm  tLc  niidu  they  arc  oflea  diuup^d  in  annkll  Tnoaaes 
(ne.f..  Tor  Qicuuiplf!.  Fl^.  1,  phitL'  9,  iu  Jocliuuiiiii  uiid  KriLiut'd  ariick',  Zt^lL^clirift 
fiir  Uygient,  l^Ul);  in  ]iropnratioiis  of  n'hoaping-cou^b  the  oru;nm£infi  are  better 
BepLfcrnEeiJ.  After  aGveml  ?ucce^jve  cullurea  on  our  medium,  tbe  innuenza 
bnf!L]IiH  often  assmnps  liirgpr  shapt^,  wliich  are  frpcjupnily  Awnllen  and  twisted; 
iha  mean  Biie  inc^reiLses  and  b  frequently  greater  thaEi  that  uf  the  vboopitig-ci^LEgh 
orgiini^in.  Caboijited  blue  !*tai as  color  the  ianueruji  bacillus  rom;lk  mort  intensely 
than  they  do  thn  whooping-cough  organism.  We  may  recall  tbat  iran^qilaniiug 
on  afleites-ajiar  acrvca  as  a  good  njethod  fcr  distingniBhing  the  two  organiams;  the 
vrLooping-cou^b  bacillus  grows  on  it  elowlyoaa  nhite  streak;  the  influenza  boeillus 
groft's  x'ery  slightly,  alihough  it  does  grow  somewhat. 
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grtiwLh  oF  organisDQs  thickens,  and  in  2  or  3  days  projects  dis- 
Llnctly  from  tlie  surface.  But  aUliuugh  It  becomes  thicker  it  docs 
not  brufulrnj  m  that  lis  sides  are  distuiclly  B^tet^j^.  Tli<^  innuenKs, 
baciiluSj  when  grown  in  the  same  way,  gives  a  much  wider  stroak, 
has  &  fc?stc)onod  outline  wliich  slopes  gently,  and  ia  raoist  and 
glistening,  Tho  whooping-cnugh  growth^  moreover,  i&  wliitor  and 
never  blackcnB  the  uiKJerlying  blood  medium^  whereas  the  influ- 
enza baoiUos  frequently  does  bo  *  WItcu  the  whooping-oough 
bacillus  13  loolctxJ  at  with  tranymittc^l  light  the  gn^wth  of  organ- 
isms appears  as  a  pale  line  which  stands  out  from  the  adjacent 
part  of  tbc  culture  medium  which  has  not  been  touched  by  tho 
inoculniion.  This  clahlieatlon  of  tho  medium  is  due  to  the  Tact 
that  the  organisms  have  hemolyzcd  the  adjacent  corpuscles  and 
so  diminished  the  opacity  of  the  nutrient  subptratum. 

We  have  already  insisted  on  the  Fact  that  the  abnormal  Forma 
wiiioh  occur  frequently  with  the  inSucnaa  bacillus  in  the  form  of 
clubs  or  long  filaments  with  a  tendency  oF  awelling,  with  irregularity 
of  aspect  ami  poor  staining,  are  rare  in  the  wbxjping-cough  bacil- 
lus, which  keeps  it,s  appearance  oF  a  small  (Jocco-bac.illus  invariably. 
The  size  of  this  cocco-bacillus,  particularly  in  old  cultures,  may 
be  extremely  reduced.  We  arc  speaking  now  of  cultures  on  a 
sohd  mE^lium;  the  cultures  on  liquid  mfi^lia,  whieh  we  shall 
discuss  in  a  few  words,  show  more  dL^^tinct  |»leoim?rphism;  the 
dimensions  of  the  organism.^  become  more  variable,  their  staining 
more  unequal,  anil  they  are  frequently  larger  and  h^s  ovoid  in 
slia{)e. 

Liquid  cultures  grow  well,  provided  we  take  into  aecount  the 
necessity  of  atnio8pbLTie  contact,  wliicli  is  very  marki^l  m  the 
whooping-cough  bacillus.  We  find,  indeed,that  the  organism  grows 
only  under  tlie  best  conditions  of  aerobiosis.  When  grown  in  a 
te?it  tube  eontaining  a  suitable  nutrient  fluid  of  several  centi- 
meters in  depth,  and  maintained  in  a  vertical  position,  ibe  growth 
of  the  organLsm  is  slow  and  difficult.  When  the  tube  is  placed 
horizontally,  however,  a  cloud  soon  appears,  covering  the  increa^od 

*  Tbi]»;  icfluGiiJsa  itrgimii^m^  are  DbtamGiJ  from  ca^vs  of  whoopin^-cou^ti  and 
&eree  LiLtiolutcly  in  all  Itisir  clLEva^^icra  wjEti  iljc  uri^iiLsm-i  ttciiGrilied  by  maaj 
ol  our  predocfl«sora  and  noljibly  by  JocIlituldtx  and  KrauBe.  We  may  T^caXl  tbat 
for  &  long  tiine  our  Btt«Dtion  woa  utbractnl  by  ihese  organi^iu,  which  are  coa- 
Atautly  pretient  iu  ihc  Hpulum  of  nhooprng-cougb. 
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surface.  It  is  tlicrcforu  wdl  to  make  cultures  in  a  flask  with  a 
large  flat  bottom  ami  to  em|>loy  not  more  thttii  a  centimeter  deep 
of  fluid.  An  cxccUtnt  oaltjro  medium  la  made  by  a  mi\turc  of 
1  per  cent  pepton  bouitlon  containing  I  per  cent  glycerin  and  &.|ual 
parts  of  hoi^e  scmm.  the  latter  preferably  heated  for  tlireotiuartera 
of  an  hour  to  57  degrees.  Under  these  conditions  the  organism  growa 
almost  without  clouding  the  fluid ;  in  4  or  5  days  the  bottom  of  the 
flask  ifi  coveral  with  a  whitish,  ahghtly  viscous,  and  rather  thick 
sediment-  The  eupematant  fluid  becomes  more  cloudy,  and  the 
deposit  less  coherent  if  rabbit  serum  is  employed  insteml  of  horse 
serum,  as  the  latter  has  a  certain  agglutinating  property  for  the 
organism. 

If,  insteal  of  using  normal  horse  se.nim  (57  dogrccs)  for  the 
cidture  medium,  we  use  the  scrum  of  a  horse  that  hus  been  iin- 
tmuiizod  against  the  organism  (also  liealeil  to  57  degrt^e?^),  growth 
still  takes  place.  The  bacteria,  however,  are  more  agglutinated 
and  show  a  more  abiioniial  appearance:  they  grow  in  the  fonii  of 
si  rep  to- bacilli,  or  may  even  appear  as  streptococci  In  long  chains, 
their  appearance,  in  short,  being  quite  abnormal  and  resembling 
in  no  parti<*ular  the  moq:hology  on  solid  metlia, 

Immunization  of  a  hon^e  gives  rise  to  an  extremely  agglutinating 
eerum  *  If  a  twonlay  gnjwth  of  culture  on  blood  a^r  is  sus- 
pended in  2  or  3  c.c,  of  salt  solution,  and  the  organisms  allowed  to 
diffuse  in  the  suspension  without  much  agitation,  we  obtain  a  cloudy 
fluid  of  homogeneous  and  almost  colloidal  appearance.  This  eiuul- 
aonisagglutinatedbytracesof  the  active  scrum;  for  example,  a^lu- 
tination  takes  place  on  the  atldition  of  0-002  of  a  cubic  centimeter  of 
serum  to  1  e.c.  of  the  emulsion.  Too  groat  an  exceaa  of  apglutinin 
inhibits  the  phenomenon;  the  whooping-cough  bacillus,  indettl, 
may  serve  as  a  good  example  to  study  this  inhibiting  power  of 
an  excess  of  scrum,  which  has  already  been  nottxi  by  varinus 
observers. 

Tlie  various  strains  of  whooping-cough  bacilU  obtained  from 
different  cases  of  the  disease  agglutinate  variably.  We  lin^l,  for 
example,  that  our  horse  serum  agglutinates  the  organism  ihat  was 

'  Our  horao  recmiucd  m  15  auwteiaivo  icjcotiona,  (or  tho  moat  part  aubcuUiiic- 
ou^ly.  I'Ut  florae  iiiirnveQauftlyi  a  loUl  of  aLout  two  litera  &ad  &  half  of  rick  Buid 
culture  (glycerinai^d  bouillon  and  horse  HcrumJ. 
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usaJ  to  immunize  ihe  animal  less  than  It  does  another  oi^&niam 
from  a  different  cose  of  whoo|jirig  cough. 

We  have  hoped  to  be  able  to  make  a  serum  diagnosis  of  whoop- 
ing cough  by  the  ^iraple  ami  practical  a^utination  method,  A^"c 
have  foimd,  unfortunately,  that  the  serum  of  children  suffering 
from  or  convalescent  of  whooping  cou^  shows  very  inconstant 
aggliitioating  properties.  An  agglutinating  property  is  frequently 
distinctly  manifest,  although  never  very  intense;  it  is  often,  how- 
ever, entirely  lacking.  There  are  many  sera  which,  although  not 
agglutinating,  are  distinctly  sensitiaing.  A3  we  have  alrca^ly  meji- 
tioncJ.  the  ale:dn -fixation  method  always  gives  very  marked  positive 
results.  The  two  properties  of  agglutination  and  fixation  are  there- 
fore quite  separate  in  this  disease.  In  this  connection  we  may 
recall  that  the  serum  from  the  convalescent  case  of  t,vphoid  fever, 
with  which  we  made  our  first  attemplJit  at  alexin  fixation  (I9fll), 
was  aL^o  strongly  sensitising  wiUnmt  being  agglutinating,  and  we 
have  Frequently  noted  tliis  fact  since  that  time.  Varioas  other 
observera  have  also  notal  the  lack  uf  necessary  parallel  between 
agglutination  and  bactericidal  power. 

We  have  alreatly  ntite^l  the  kvioiLS  (esccKsive  irritation  and  cloud- 
ing of  the  cornea)  which  follow  the  injection  of  a  sputuTu  containing 
the  organism  in  pure  state,  or  of  a  culture  of  the  organism  in  the 
anterior  chamber  of  the  rabbit's  eye.  Certain  remarkable  phenom- 
ena are  also  to  be  noted  on  injecting  the  organism  in  the  guinoa^pig'a 
peritoneal  cavity,  and  similar  effects  take  place  in  the  rabbit's  peri- 
toneal cavity  if  larger  doses  are  employed.  For  this  purpose  an 
emubiion  of  culture  from  blood  agar  2  or  3  days  oU  U  better  than 
the  losfl  virulent  fluid  cultures.  L5  to  2  milligrams  of  bacteria, 
weighwl  in  a  moist  condition,  causes  death  on  the  following  day 
or  on  the  second  day-  We  have  to  deal  here,  not  with  an  infection, 
for  the  l>actcria  show  no  markeiJ  increase  in  the  peritoneal  cavity; 
at  autopsy  only  a  few  of  the  organisms  are  found  in  the  exudate, 
and  frequently  all  of  them  are  phagocyted  hy  the  large  number  of 
leucocytes  present.  Intoxication  phenomena,  however,  are  very 
marked,  and  are  evidenced  by  the  appearance  of  petechia?  in  the 
peritoneal  wall,  and  al^  at  times  in  the  pericaivlial  cavity,  and 
by  an  extreme  congestion  of  the  cardiac  blood  vcsscIsh  Fatty 
degeneration  of  the  liver  is  abo  found.    The  most  apparent  symp* 
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lorn  that  the  aBimai  shows  before  death  is  marked  dyspnoea,  wWch 
appeal^  very  early  and  may  be  accounted  for  by  the  pleural  exu- 
date.    A  subcutaneous  mjectian  causes  an  edeman 

An  emulsion  of  culture  suspended  in  this  way,  and  then  kiJIcd 
by  toluol  or  by  healing  to  56  degrees  for  half  on  hour,  when  in- 
jected into  tho  peritoneal  cavity  of  guinea-pigs,  also  causes  death, 
^nth  phenomena  of  intoxicafion  and  particularly  with  pleural 
exudation.  It  docs  not,  however,  give  rise  to  petechiie  and  larger 
dosca  are  ncccsaary  than  ot  the  li^'ills  organism.  The  serum  of 
the  immunized  horac,  although  strongly  agglutinating,  has  only 
slight  antitoxic  effect.  Very  large  do5ca  arc  neccseary  to  neu- 
tralize the  bacterial  emulsion  so  that  it  may  be  injected  into  the 
peritoneal  cavity  vnthout  produ<^ing  injury.  It  may  be  added 
that  we  have  only  a  single  inmiunizetl  horse^  and  therefore  we 
must  he  somewhat  rescr\'evl  in  speaking  of  the  properties  of  the 
immune  sernm,  as  these  properties  may  be  due  to  the  individual 
finimal  employed.  It  is,  however^  very  likely  that  horses  immii- 
nizeri  against  the  whooping-cough  bacillus  are  similar  to  those 
that  furnish  antityphoid  flerum^  the  serum  of  which,  although 
showing  certain  properties,  such  as  agglutination  very  markedlyi 
are  not  extremely  antitoxic.  Tljis  latter  properly  we  shall  endeavor 
to  increase.  The  ri'sults  obtainwl  by  treating  chiUlren  stiffering 
from  whooping-cough  with  the  serum  in  que&tion,  although  at  times 
distinctive,  have  not  yet  been  sufficiently  marked. 


XXIX.    THE   ENDOTOXIN   OF  THE  WHOOPING-COUGH 

BACILLUS.* 

Bt  dr.  bordet. 


In  the  recent  3tU(Jies  on  whooping-cough  with  Dr.  Gcngou  we 
have  succeeded  in  obtaining  an  endotoxin  from  the  organiem  which 
wc  isolated  some  time  ago,  and  which  is  the  cause  of  this  disease. 

Wc  already  poasesn  considerable  knowlaigc  tonccniing  the  endo- 
toxins of  bacteria.  Certain  bacteria  diffuse  the  poisons  that  they 
form  readily,  as,  for  example,  the  tetanus  bacillu-s  and  B.  diph- 
theria-; othtT  bacteria,  as  the  typhoid  bacillus,  retain  the  toxin 
within  their  bodies.  Certain  particular  procecflings,  then,  are  neces- 
sary" to  remove  these  active  substances  from  the  bacterial  baliea. 
No  absolute  Une  of  demarcation  can  indcc^l  be  drawn  between 
ditTu.sil)lr  toxins  and  endotoxins,  and  there  are  all  degrees  in  the 
ease  with  which  the  poisons  leave  the  bacterial  botiiea  ami  appear 
in  the  surrounding  fluid,  depending  on  the  organism  under  con- 
aid  era.tion. 

In  immunizing  animnh^  with  an  endotoxin,  it  is  desirable  to 
obtain  it  in  a  clear  solution  without  the  presence  of  the  bacterial 
boflips  thpm*!flv<w,  Tt»  niany  in?itances  it  is  of  imf.wrtance  to 
ifuinutiize  agidnst  the  poison,  [mrtitudariy,  and  the  presence  of  the 
bacterial  b(xlies  themselves  gives  a  usele*^s  and  oft^n  unpleasant 
eomplication.  Ton  gR'at  anitiunts  of  bacteria  wear  out  the  noifnals, 
lead  to  suppuration,  and,  what  is  more,  the  irnmimiiy  against  the 
toxin  is  more  easily  obtaincil  when  the  bodies  that  form  it  are  not 
present:  it  would  seem  to  dllTuse  better  ihroughoui  the  animal 
body  and  to  stimulate  more  those  cells  which  have  to  do  with  th6 
elaboration  of  antitoxin^:.  For  example,  we  find  in  the  case  of 
the  typhoid  bacillus  that  a  subcutaneous  injection  of  the  baeteiia 
themselves  prfxiuces  no  auti-cndntoxin;  the  endotoxin  must  first 

"  L*cndf)loxine  cuquduclieuiie.  Bull^lin  cli^  U  Socii^U  EoytOe  ties  Sciencee 
MMJCaL^B  et  \atur«Uea  tlo  tiruvelleij,  No.  7,  1908. 
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of  all  be  separateti  in  ordor  to  prtx3uco  its  antibofJy.  In  previous 
articles  we  have  ia*isle<l  on  the  fact  tliat  the  ra[n'l  dealh  of  guinea- 
pigs  ihat  have  rcceivftl  an  injection  of  a  ^ufficienfr  number  of 
living  whooping-cough  bacilli  in  the  peritoneal  cavity  is  due  to  an 
intoxication  from  the  poison  that  comes  from  the  bacteiia,  and 
not  to  an  infection,  properly  speaking.  Tlie  bacteria  injected  do 
not  increase  to  any  extent  in  vivo»  and  do  not  invailc  the  animal 
body;  they  arc  retained  at  the  point  of  inoculation,  and  are  fre- 
quently phagocytcJ.  At  nutopsy,  however,  considerable  lesions 
arc  found  and  in  particular  a  markcil  peritoneal  exudate  of  hemor- 
rhagic character,  abundant  di,^cminatcil  ecehymoaca,  and  pleural 
eiTusiona  which  are  ao  extensive  bs  tn  produce  asphyxia,  and  arc 
the  immediate  cause  of  death.  All  these  phenomena  may  be  pro- 
duced by  almost  perfectly  limpitl  extracts  containing  endotoxin 
whicb  we  have  obtained  bv  employing  Bcsredka's  method  as 
described  for  typhoid,  plague  and  dysentery'  endotoxins.  We 
inoculate  the  whooping-cough  bacillus  on  oar  bloixl-jigar  raedium» 
and  in  making  this  medium  we  prefer  hor^e  blooil  in  orIpf  to  obtain 
large  amounts  of  meilia  rcaAllly:  we  leave  the  cullun^s  in  ihp  incU' 
bator  for  3  daya,  and  then  remove  the  layer  of  bacteria  with  a 
glass  rod  and  suspend  them  in  a  small  amount  of  salt  solution.  The 
Vfij"  thick  emuLsion  obtaineil  in  this  way  is  dric<l  in  a  vacuum  at 
37°  C.  in  the  presence  of  caustic  potash.  The  dried  bacteria  are 
then  gruunil  in  a  uiortar  with  the  aiidltion  of  a  htlle  drieil  sterilized 
salt-  Knough  distilleil  water  is  then  ajldcLl  to  this  powiler  to  bring 
the  tonicity  of  the  solution  to  normal  (0,75  per  cent).  This  emul- 
sion is  left  until  the  following  day,  energetically  eentrifugalized, 
and  the  suptTtinlant  fluid  whith  k  decanted  Is  almost  limpid. 

Thiy  fluid,  so  far  as  su^^pendctl  materials  are  concemiMj,  contains 
sodium  chloride  in  relatively  largt?  amount  antl  bacterial  substance 
in  proportionately  small  amount.  And  yet  this  fluid  on  intraperi- 
toneal injection  kills  a  gulnoft-pig  in  ilasos  of  0.5  and  even  0-2o  of  a 
cubic  centimeter,  with  the  phenomena  that  we  have  jast  mentionai. 

Intravenous  injection  in  a  rabbit  of  1  or  2  c.c.  of  endotoxin  is 
usually  fatal,  killing  in  Ic?^  than  24  hoiirs.  At  autopt^y  renal 
hemorrhages,  acute  fatty  degeneration  of  the  liver  and  a  marked 
hemorrhagic  condition  of  the  suprarenal  capfiules  are  found.  In 
respect  to  this  latter  symptom,  as  well  as  in  it£  tendency  to  pro- 
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(luce  pleural  effusions,  tin-  wlioujmig-ptmgh    Inxin  ^hows  certain 
analogies  with  ttiphtheria  t<ixin. 

The  most  interesting  observations,  however,  are  furnished  on 
subcutaneous  iTicH-tjlatiorK  nuiriea-|(igs  tliat  Iiave  n?ceive(l  an  mjeo 
tion  under  the  skin  of  0.5  jijiil  evt-ii  0.2.1  of  h  cubic  cenjimeter  of 
endotoxin  show  a  very  marked  rdenia,  which  frequently  becomes 
hemorrhagie  at  the  point  of  inoculation;  the  surroumling  area 
rapidly  takes  a  dark  color  without  any  tendency  to  suppuration. 
A  rapid  extcnsivG  necrosis  of  the  skin  foUows  and  breaks  down^ 
leaving  a  large  ulcer.  This  local  effect  is  much  more  niarkeil  than 
are  the  generalized  tymptonv^  on  subcutaneous  inoculslion:  in 
horecs,  ulcers  a  decimeter  square  may  be  protluced ;  a  marked  wast- 
ing is  always  noted. 

The  demonstration  of  thci^c  properties  in  the  whoopinp-eough 
toxin  seems  to  us  to  round  out  fiatisfftctorily  the  ideas  which  we 
previously  had  as  rcgarde  the  pathogenesis  of  whooping-coug^. 
The  production  by  the  bacillus  of  an  extremely  irritating  poison 
which  is  capable  of  producing  necrosis  of  the  epithelial  Uniog  of 
the  bronchi  where  the  or^nism  multiplies  will  explain  the  thapoc- 
terislic  symptoms  of  the  disease  and  the  appearance  and  persist- 
ence of  the  violent  accesses. 

The  fact  lliat  wtiooping- cough  u  not  generally  a  very  serious 
discasCi  in  apite  of  the  toxic  power  of  the  causative  bacillus,  is 
easily  undcratandable  in  tow  of  the  fact  that  the  organism  does 
not  tend  to  proilucc  a  generalized  infection. 

The  whooping-cough  bacillus  is  unfortunately  rather  difHcult 
to  handle  on  account  of  it.^  remarkable  ia^tability  on  heating,  which 
prevent-'^  .steriUzing  it.  The  grinding  up  of  the  bacteria  is  neces- 
Harily  done  in  the  open  air,  and  it  ifi  impossible,  therefore,  tn  avoid 
dust  and  consequeotly  contamination  of  the  toxin.  3terili»a- 
tiwn  such  as  is  employal  to  eliminate  eonl.aminating  organisms 
rapidly  ilestroys  our  toxin,  or  at  least  weakens  it  very  markedly. 
On  beadng  to  55  degrees  for  a  short  timo  the  endotoxin  solution 
becomes  opaque  and  almost  inoffensive. 

The  use  of  chlorofomi,  toluol  and  thymol,  wliieh  onlinarily  ar&' 
so  useful  in  conserving  toxins  without  harming  them,  weaken  th«^ 
whooping-cough  toxin  veiy  much,  and  render  it  almost  useless. 
We  have  been  force^l^  thereforen  to  keep  our  bacilli  ground  withj 
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salt  in  a  dry  condition,  and  to  add  distilled  water  just  before  using 
them.  In  this  way  the  poison  may  be  kept  for  some  time,  although 
we  have  noted  that  even  when  kept  from  moisture  it  slowly  loses 
its  power. 

The  serum  that  we  formerly  obtEuned  by  injecting  animals  with 
living  cultures  has  no  power  to  neutralize  the  endotoxin.  We  are 
now  engaged  in  an  attempt  to  obtdn  an  antitoxic  serum  by  in* 
jecting  endotoxin  instead  of  bacteiia. 


XXX.    RESEARCHES   ON    AVIAN   DIPHTHERIA  + 


Br   DR.   BORDET. 


Dr.  Fally  and  T  have  recently  been  sti.ic3ying  the  diphtheria  of 
hens.  This  iliseaae  has  loag  interefitcd  bactcrirjlriglsLs  on  account 
of  certain  aiialogit^  that  it  shows  to  hur[ir].n  ilijjhtheria.  Although 
the  acute  and  rapid  course  of  the  disease  in  nian  differa  from  that 
in  fowlh,  where  it  is  slow  in  evolution  and  chronie,  it  wa^  formerly 
believetl  that  the  relation  between  the  two  diseases  was  very  close. 
Thia  supposed  relKtinn  was  fanuerfy  frequently  used  t*3  explain 
epidemics  of  human  diplitlierfa  ai*  of  avian  origin.  This  hypothe- 
sis, however,  has  not  b<'on  borne  out  by  the  paUiulogist. 

The  bacillus  which  cuusos  human  diphtheria  U  not  met  with  in 
these  hens.  Nordocs  antidiphtheritic  serum,  aa  Gratia  and  Licnaux 
have  shown,  have. any  effect  as  a  prei'entive  or  a  curt?  in  aviaa 
diphtheria.  The  specific  bacteria  in  these  two  diieasta  are  cer- 
tainly different. 

Many  organl^^ms  have  been  dpscribed  as  causing  the  diphthena 
in  hens  and  pigofjns.  It  U  to  bo  notoiJ,  however,  that  none  of  these 
organisnia  that  have  bt^n  mcnlioneil  products  the  disease  with  its 
slow,  caprii?ious,  ami  irre^lar  ijouT^e,  nor  the  lesions  which  dis- 
appear in  one  place  and  rpapi>car  in  another,  and  show  a  gravity 
and  duration  that  varies  with  the  inihvidual.  Avion  diphtheria 
has  not»  in  the  loajority  of  cases,  the  appearance  of  a  disease  which 
tends  t^  generalize  and  Iwcomc  a  septicaemia. 

The  technic  that  ha-s  been  empioyed  by  many  observers  has 
been  of  a  nature  desired  to  bring  out  organisms  that  caii'^c  sep- 
ticaemias. Those  who  luve  studied  it  have  frequently  inoculateii 
healthy  animals  with  false  membranes.  At  times  a  generahaifil 
infection  was  produced  and  an  organism  isolated  at  autopsy  from 
the  heart's  blood.    The  ciianccs  are.  in  such  cases,  that  the  organ- 

*  Itecherebefl  aur  k  ijiphl^rir  aviairc^  BuUcfiTi  ^iibLil^  par  la  Sooi^l^!  ru3^le 
dea  scleocca  niMiavlcfi  cK  iiatmvllca  dv  BnjxeileQp  Juoe  3,  1907. 
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ism  obtained  was  the  cause  of  ftn  accessory  infection,  and  sirapiy 
associated  with,  but  not  the  epcoific  cause  of,  the  disease. 

It  has  seemed  to  U9»  therefore,  necessary  on  account  of  the  ten- 
dency of  the  disease  to  remain  localized,  to  isolate  the  organism 
from  the  morbid  prwluct  itself  rathtr  than  attempt  a  purification 
of  cuUure  iu  the  animal  bwiy.  A  microacopicnl  examination 
of  a  bit  of  falae  membrane  siifRcetl.  however,  to  convince  us  that 
thia  product  is  very  unequitable  for  purposes  of  direct  isolation. 
The  membrane^  indeed,  is  swarniiiig  with  different  bacteria,  the 
separation  of  which  would  be  a  difficult  and  probably  fruitless 
task.  The  buccal  cavity  contains,  as  we  know,  under  normal 
conditions,  many  bacterial  species,  and  these  ordinary'  organisms 
are  still  more  increased  when  lesions  are  present.  It  seemetl  better, 
then,  to  priKluce  the  wpecifit;  infection  in  some  region  of  the  budy 
which  is  better  pmt«^t«l  fnmi  sapniphyles,  and  the  nictitating 
membrane  in  the  hen'-^  eye  seems  to  answer  tliis  requirement.  A 
thread  that  has  been  wet  in  water  in  which  a  fragment  of  false 
membrane  hfl.s  bpen  suspendpd  lk  parsed  through  the  nietitating 
membranp.  On  the  following  day  this  thread  iih  withdrawn,  and 
the  irritation  due  to  trauma  disappears.  Tliree  or  four  days  later 
a  grayish  pulnt  on  the  nictitating  membrane  appears  at  the  point 
of  inoculation. 

This  point  then  becomes  red  and  thickened,  and  soon  shows  a 
typical  diphtheritic  lesion ;  a  marked  edema  is  also  noticeable  about 
the  eye.  At  this  time,  that  is,  about  the  evghth  day,  the  nictitating 
membrane  'n^  cut  out  and  washwl  in  sterile  salt  solution,  and  then 
ground  up  in  a  few  drops  of  the  same  solution.  The  suspension 
oblaineri  in  this  way  h  inoculate^l  on  the  glyeerinated-potato-blood- 
agar  malium  which  Gengou  and  I  have  employed  in  growing  the 
whooping-cough  bacillus.  This  suspension  when  inoculatal  on 
the  buccal  membrane  of  a  normal  hen  produce  typical  diphtheria. 
The  surprising  thing  i^  that  microscopical  examination  with  a 
stain  of  carbolatcd  toluidln  blue  or  with  the  Gicmsa  sttun  showa 
no  definite  bacteria;  a  few  granulations,  and  at  times  somewliat 
elongated  spots,  arc  seen,  which  are  so  small  as  not  to  be  di^'^tni- 
gui^hablc  from  cell  debris.  The  culture  tubes  inoculated  with  this 
emulsion  are  incubated  for  3  or  4  days.  Only  a  ver>-  small  num- 
ber of  coloniea  is  evident  after  this  period;  and  these  colonies 
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OD  account  of  thnir  rarity  are  obviously  due  to  mnlaminating 
organi.sms.  It  woiiM  seem  that  the  surface  of  the  culture  merlimn, 
which  ha^l  l>pen  smrjoth  and  shiny,  was  unifomily  rougheneil  lic- 
tween  these  colonics^  but  the  change  Is  so  very  slight  that  it  uiiglit 
easily  be  overlooked.  Even  with  a  magnifying  glass  a  layer  of 
bacterial  growth  could  not  be  asserted  to  be  present.  But  if  a 
drop  of  water  is  inoculated  with  a  scra[jing  from  this  surface,  with 
great  care  in  avoiding  the  colonies  of  contaminating  organisms, 
and  this  water  useil  to  inoculate  the  buccal  mucwa  of  a  nontial 
hen,  the  disease  is  producetL 

This  same  tiuid  on  microscopical  examination  shows  an  enornioiia 
number  of  little  granular  elements  which  are  at  times  slightly  elon- 
gatetl  about  0.0002  of  a  millimeter  in  size,  and  are  most  frequently 
united  in  compact  aoo^ea  masses. 

The  culture  may  be  transplanted  and  retraasplanted  indefinitely. 

The  layer  of  bacterial  growth  that  is  formed  is  never  thiek  enough 
to  be  very  evident.  It  is  evidenced  simply  by  a  darkening  and 
roughening  of  the  surface.  At  times,  liowever,  very  luxuriant 
cultures  are  obtained  which  show  extremely  small  colonics  or  a 
distinct  outline  limiting  the  area  cover&l  with  growth.  The  Giomsa 
stain  is  the  best  to  demonstrate  the  organism. 

This  organism,  together  with  the  one  causing  pcri-pncumonia 
of  cattle,  is  prolxibly  the  smallest  that  has  ever  been  grown.  It 
generally  reproduces  the  disease  in  a  somewhat  attenuated  form, 
to  be  sure,  particularly  when  the  buccal  mucosa  is  inoculated- 
The  wliite  plaques  that  appear  iu  2  or  3  days  often  tieal  rapidly, 
but  also  frequently  reappear  later  in  the  same  place,  and  then 
become  more  extensive.  These  lesions,  although  somewhat  benign, 
arc  of  typical  and  undoubted  specificity. 

Certain  hens  are  refractory.  Inoculation  on  the  nictitating 
membrane  is  always  severe  and  always  followed  by  characteristic 
symptoms,  such  as  edema  of  the  eye,  and  thickening  and  redness 
of  the  thinl  eyelid,  which  shows  the  chronic  nature  of  the  disease. 
To  demonstrate  our  infecting  experiment  on  the  nictitating  mem* 
brane  more  conclusively,  and  to  avoid  any  objection  that  thla 
infection  ia  simply  due  to  a  contagion,  or  a  natural  propagation 
of  the  disease  in  the  lalKiratnry,  and  not  an  artificial  infection,  we 
have  passed  a  threail  through  each  nictitating  membrane  iu  a  nor- 
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mal  hen.  One  of  these  threads  was  wet  with  a  culture^  and  the 
other  was  sterile;  on  the  following  day  these  threads  were  drawn 
out.  The  disease  appeared  only  in  the  eye  that  received  the  in- 
fected thread.  We  have  hitherto  dealt  only  with  the  diphtheria 
in  hens,  but  we  propose  to  study  a  similar  disease  found  in  pigeons 
very  soon,  and  to  endeavor  to  determine  whether  it  is  due  to  the 
eame  organiam  as  the  one  described. 


XXXI-    A  GENERAL  RESUME  OF  IMMUNITY. 

Bv  Professor  Jllks  Bordet, 


The  majority  of  the  articles  which  my  fricml  and  collaborator, 
Dr.  Ga.y.  has  been  so  kind  as  to  translate  and  bring  together  in  this 
vtUumi!,  bi^ar  on  the  genMnil  i^ubjcct  uf  immunity  antl  have  all  more 
or  less  a  single  trend.  The  bgit^al  connection  bet w ecn  tlie&e  articles 
will  be  quite  evident  to  the  reader,  who  will  have  graspeci  my 
gem^ml  conception  of  the  meehanisin  of  immuhil.y  and  of  the  mode 
of  aiUiou  nf  sera  so  far  m  we  ran  midersLand  them  in  the  present 
slage  of  devdopment  nf  science.  1  may  content  myself,  then,  in 
ihis  final  Hm[>ler  wilh  certain  ailditioMal  evplanatioa-i. 

I  should  have  been  pictiscd  to  conclude  this  volume  with  a  syn* 
ihetic  view  of  the  entire  subject,  or  a  general  thoorj'  capable  of 
coordinating  the  many  facts  that  have  been  acquired.  But  in 
spite  of  the  rc-^ult??  that  have  been  obtainal  by  an  army  of  iuvesti- 
gators  for  many  year?,  I  must  admit  that  such  an  attempt  seems  to 
me  at  the  present  day  both  rash  and  of  questionable  value.  It  is 
rash,  on  account  of  the  great  gaps  that  still  exist  in  our  knowledge 
of  immunity-  In  spite  of  the  numerous  data  which  we  posj^ess,  it  '\£ 
aa  yet  impossible  to  offer  a  coherent  whole  or  an  harmonious  and 
complete  system;  many  of  the  facts  which  wc  have,  cannot,  as  yet, 
be  flla^sed  aecoirling  either  to  relations  or  consequences,  jVnyone 
who  should  attempt  at  the  present  day  to  penetrate  the  mystery 
which  shrouds  the  numerous  problems  of  immunity  by  reasoning 
alone  would  be  sure  to  fall  into  error.  Immunity,  like  other  blo- 
logieal  sciences,  doca  not  pcmiit  ovcrgcncmliKing  and  a-lventurous 
theories.  Immunity  is  scarcely  in  a  shape  to  permit  profitable 
de^iuclion,  ^^ince  deduction  in  its  endeavor  to  penetrate  too  rapidly 
and  deeply  into  the  unknown,  loses  immediate  contact  with  estab- 
lished facts.  Arc  not  discoveries  frequently  unexpccteil?  Do  not 
experiraenters  find  that  their  researches  overthrow  ex|iectations 
which  seem  qmUi  reasonable,  and  i^  it  not  evident  that  logic  tulters 
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when  it  would  force  facts?  What  is  pcriiaps  the  most  obscure  and 
important  question  with  which  immunily  coafronta  us?  Evidently 
the  question  t>f  the  specificity  of  immuoisation  as  shown  in  the 
specificity  of  sera.  The  solution  of  this  queation,  kiwevcr,  is 
probably  wholly  unsusiiected.  Anyone  who  shouJd  atttinpt  to 
furnish  a  solution  at  the  present  moment,  or  to  give  a  tlistinctive 
explanation  aa  a  result  of  reaMrming  on  tlie  subject,  would  netres- 
sarily  be  led  to  sup[>ort  it  by  undemunstratetl  facts.  It  is  l^etter, 
thtn,  to  seek  for  the  truth  without  wishing  to  define  it  U^fure  we 
have  found  it. 

My  objection  to  Uy^  genoraliaetl  c< inoeption'^  do  not  in  the  least 
prevent  me  from  Rxrugnizing  the  Ingenuity  and  the  genius  of  those 
who,  like  my  esteemed  rolleHgue  Elirlich,  have  proposed  a  general 
interpretation  of  specificity.  Ehriich'a  theory  has  influencal  loo 
many  minds,  has  become  too  gon<^ral!y  known  on  aiJcount  of  the 
well  merile<l  reputation  of  its  author,  nnt  to  deserve  thorough  con- 
aideration.  My  own  impression  of  the  theory  has  not  been  favor- 
able, anil  it  has  seemal  my  duty  to  combat  it,  lis  principal  fault 
to  my  thinking  is  »that  it  is  not,  strictly  speaking,  a  thi^ry,  but 
rather  an  asecrtion  of  a  certain  number  of  undcmonst rated  facte. 
Accortling  to  Ebrlirsh,  untihodies  are  pnvlut'cd  as  follows;  in  the 
first  place  the  anti|ien  wlicu  inlrodueeil  into  the  animal  body  meets 
with  a  substance  with  which  it  unites.  80  far  we  all  i^ce.  Il  is 
quite  certain  that  foreign  substances  which  Ica^l  to  the  formation 
of  antibtfilics  are  taken  up  by  the  tissues  and  produce  a  reaction 
with  certain  substances  in  the  body  to  which,  for  convenience,  \hc 
name  of  reccptois  may  be  given.  The  body  restores  tbc«  deatroycil 
receptors  by  producing  new  ones  identical  with  the  original  But^ 
acconiing  lo  Ehrlich,  these  new  receptors  arc  over-prixluced  to  f^urh 
an  extent  that  they  flow  over  into  ihe  fluid  of  the  baiy,  retain  their 
essential  proi^erty  of  uniting  with  the  antigen,  and  are  then  to  be 
desii^tialed  as  tiie  antibodic.'*  of  the  M^nmi.  In  short,  the  antibody 
is  identical  with  the  receptor  affecteil  by  the  antigen.  To  draw 
such  a  conclusion  is,  however,  to  affirm  a  fact  that  has  never  been 
demonstratfvl.  Wholly  diffoR^nt  liy|jiilt»«ics  miglit  as  legitimatL-ly 
be  olTereib  We  might  suppiise,  for  instance,  that  the  botly  of  the 
animal  that  is  being  immunized,  inst^aii  of  reproducing  old  recep- 
tors in  large  amoimt  without  changing  them,  buikls  up  substances 
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which  in  their  character  ajid  cellular  appearance  resemble  but  are 
not  completely  identical  with  pre-eKistent  principles.  These  new 
substances,  as  a  result  of  elaboration  and  change,  have  become 
endowed  with  Bpeeiai  propertied,  notably  a  more  niarlved  affinity 
For  the  specific  antigen  in  question.  In  view  of  the  wonderfid 
faculty  of  adaptation  of  organisnis  and  their  inexhaustible  resourceSi 
in  view,  for  example,  of  what  one  sees  {q&  Landstcincr  and  Reich 
have  done)  in  Cfeciilaria  that  have  been  eubmittc<l  to  the  influence 
of  certain  luminous  rays  and  which  take  Bpccihcally  the  comple- 
mentary color  to  that  poB&esecd  by  these  niy&  iEngclman  and 
Gaidukow),  such  an  hypothesis  would  be  in  no  way  irrational. 
Both  conceptions,  then,  arc  a  priori  equally  possible  lo  defend. 
AMiy  should  wc  choose  one  of  them  and  condemn  the  other  before 
DWoiting  the  result  of  expcrimcnlation?  Such  solutions  given 
prematurely  to  obscure  problems  are  all  the  more  usele^>  as  with 
all  their  apparent  detail  they  fail  to  answer  definite  important 
questions.  In  fact  these  over-produced  receptors  are  but  vague 
names.  Wliere  are  ihey  to  be  found?  Are  tht:y,  before  immuni- 
zation, encloBwl  within  cell  protoplasm  or  do  they  swim  Freely  in  the 
blood?  More  exactly,  we  are  aware  that  in  the  blood  of  normal 
animals  tiiere  are  normal  antibodies,  the  protecting  power  of  which 
ia  in  general  slight  btit  nevertheless  detectable,  Buch  substances  as 
agglutinins,  sensitizers  and  even  antitoxins.  It  is  just  m  logical  to 
suppose  that  bacteria  or  poisons,  when  injected  into  a  normal 
animal,  react  with  these  normal  antiboiiies.  Are  these  normal 
antibodies  really  the  same  receptors  which  are  subsequently  over- 
pnxlueed  to  form  the  specific  antibody  that  is  characteristic  of  the 
immunity  that  has  been  acquired?  Or  are  the  receptors  in  whom 
this  function  resides  other  than  the  normal  antibodies  which  are 
present  in  the  blood;  should  we,  in  other  wouls,  seek  for  them  in 
the  protoplasm  of  the  nerve  cell,  for  instance,  when  dealing  with 
diphtheria  toxin?  Ehrlich's  theory,  to  be  sure,  harmonizes  with 
either  alternative,  but  it  would  scarcely  seem  that  it  is  ever  indica- 
ted which  of  the  two  should  be  acceptedn 

In  certain  other  respects  Ehrlich's  theory  has  apparently  been 
more  precise.  Itattemptf?d,atastage  when  the  data  werestill  very 
limited,  to  interpret  the  mode  of  action  of  antibodies  with  antigens, 
here  it  seems  to  mc  that  it  has  exercii^cd  a  perturbing  inSucnce  on 
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the  progress  of  kiiowlajgc,  and  has  really  hindered  the  free  di>- 
veiopment  of  iuvcatigation.  Di  offering  cxplftimtions  which  seem 
definitive,  and  schemata  which  satisfy  the  experimenter  and 
appease  his  euriosity,  Ehrlichia  theory  has  come  to  make  certain 
problems,  which  have  scarcely  been  touched  upon,  reganJetl  as 
worked  out.  It  must  be  atlmittail  that  it3  partisans  have  seemed 
chiefly  preoccupied  with  justifying  it,  and  it  would  seem  as  if  their 
efforts  were  directed  rather  towaril  defending  the  theory  than  eon- 
trolling  it-  And  the  guiding  thought,  to  my  thinking  fatal,  which 
they  have  emleavoretl  to  enforce,  is  the  constant  attribution  to  the 
molecule  of  the  antibody  of  separate  atnin  group*  for  each  of  the 
phenomena  to  which  the  antibotiy  gives  rise.  To  each  manifesta- 
tion that  h^w  been  observed  there  must  be  a  corresponding  molec- 
ular group  or  even  a  new  molecule.  Such  a  methoti  is  favorable  to 
the  tbe<Jry,  inasmuch  iw  eaeh  influencu  as  untvd  finds  material 
evidence  in  a  special  group  which  becomes  a  sort  of  sub-stratum  for 
it.  Its  use,  however,  is  doubtful  for  the  same  reason,  for  it  gives  loo 
easily  the  appearance  of  an  explanation,  ivh£-n  in  reality  it  eslab- 
ikhvs  no  definite  relation  between  the  phenomena  that  have  been 
obsen'cd,  since  it  satisfies  itself  In  symbolizing  these  manifesialions 
by  independent  groups,  each  of  which  appears  as  a  rostin^^  place  for 
Buch  and  sueh  a  property.  These  groups  are  simply  evoked  by  Ihe 
theorist  as  he  wishes  and  their  very  existence  in  each  and  every  case 
is  far  from  sure.  When  we  say  that  an  agglutinin  which  ujiites  with 
bacteria  and  clumps  them  produces  ihepe  results  because  it  possesses 
two  groups  in  its  molecule,  one  of  which  combines  and  the  other  of 
which  agglutinates,  it  facihtates  explanation,  and  aeemsT  indeed, 
and  in  this  its  danger  lies,  to  resolve  the  question  entirely,  but  it 
is  probably  inexact.  In  the  firat  place,  it  ia  not,  strictly  speaking, 
the  agglutinin  which  agglutinates,  but  rather,  as  I  showed  in  1S99, 
tbe  salt.  There  are  antigens  which,  when  united  with  their  anti- 
bodies, form  complexes  that  have  the  characteristic  of  being 
flocculablo  by  electrolytes  *  It  is  the  complex  which  agglutinates 
and  there  ia  no  reason  to  localize  the  cause  of  agglutination  in  a 

•  In  tbifl  respei^t  Ihere  ate  analogies  between  bitclena  Imiea  with  ngglulinia 
and  colloitifkl  complc?ce5,  not  oaly  in  respect  lo  Ibo  action  of  suits  buL  alao  to  tbe 
inHLiRiicp  <jf  elMlricliy.  AccjrdiEg  to  »is!wr  and  Kriedemnnn,  the  romple?;  nuA- 
tw-g&lalin  is  tlocculfLlihs  by  tbe  electric  current  juat  as  bacteria  that  ^lavo  Gxod 
Bg^lutinia  are. 
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jnulet^ule  of  the  niitiboiJy  raiber  than  iii  one  of  the  antigen.  The 
hy^HithesiH  of  a  funriional  gr*>Lip  in  the  moletule  of  the  agglutioin 
is  all  (he  nioi^  iU>iiUfiil  ina.'^much  ^  it  is  nut  the  only  sultsr&iice 
which  can  rfndor  bacteria  sensitive  to  the  flocculating  action  of 
saltfl.  Bacteria  that  have  absorbed  iron,  uranium,  or  aluminium 
compounds  arc  subsequently  flocculableby  salt^  (Neisser  and  Friede- 
nmnn,  Bechhold,  Geugou) ;  silicic  acid  i^  similar  in  its  action  (Laod- 
stciner  and  Ja^<<). 

It  haa  b4*n  Found  that  agglutinms  when  heated  may  keep  the 
propc'rty  of  uniting  with  bacicria  although  they  lose  the  properly 
of  agglutmatin^i  them  tMichat^lis,  Eiscnbcf^  and  Volk,  Bail),  And 
to  explain  this  fact  it  has  been  eaid  that  under  these  conditions  the 
agglutinin  losre  its  agglutinating  group  but  keeps  its  combining 
group.*  Certain  baeleria  aet  in  the  tianie  way  as  aKplutinins.  The 
typhoid  bacillua,  when  heated  to  80 degrees,  stdlfixca  agglutinin  but 
is  notagglutinablc  (Weil}4  An  aqueous  solution  of  agar,  so  diluted 
as  to  be  only  slightly  \iseu0u3  at  room  temperature,  agglutmafcB 
barium  suljihate  suspentle<l  in  water.  Heating  sueh  a  solution 
de.itroya  this  property  without  affecting  the  adsorbing  property; 
under  these  conditions  it  pro<lucca  the  opposite  effect,  namely,  difl- 
eeminatcs  the  particles  of  barium  and  givts  a  milky  appearance  to 
the  fltiid  (Gengoul.  Can  we  say  here  that  by  heating  ihis  solution 
we  have  eaiu*ed  it  to  lose  its  agglutinating  molecular  group?  Aa 
Forgets  1ms  already  staleil,  the  hy|x>lUe:iis  of  I  he  t-xisLenre  of  such  a 
group  hi  the  anlilxMly  molecule,  has  no  foundation;  he  found  on 
studying  tlie  effect  of  heat  on  the  agglutinating  power  of  the  ^bu- 
minous  substances  of  serum  for  mastic  emuLsioiLSf  that  he  could 
obtain  entirely  similar  results  to  those  that  have  been  noted  for 
agj^lutinins  and  bacteria,};  Any  change  in  (he  physical  properties 
of  the  constituents  of  the  complex,  agglutinin -bacterium,  and  par- 
ticularly as  regards  the  degree  of  colloidal  stability,  may  influence 
the  stale  of  equilibrium  of  this  complex  in  res|>ect  to  the  surround- 
ing fluid,  and  on  tlils  ^tate  of  equilibrium  the  phenomenon  of  ngglu- 

*  It  ia  wvllliTii^ivT]  llm.1.  pircipltinsgiveEimilnr  reaulla  IKrausaml  von  PiTtfUct), 
j*  ThL4  same  author  ]isn  flhown  thai  B.  typhcHua,  whioh  under  nonnal  condi- 

tiuOB  iE]feGb]}'agg[u1iiiaii?<i  byfplutm,lD»iiB  ihisproperiy-wL^DbcaledtoSOdogrceo. 
I  Npl^ssvr  iinJ  FrifHtcicuiun  acid  BeolihoLd  luLVtf  curiiribiLiod  inii^nfAiiag  refiulta 

OD  Ihe  effect  of  g^Ulin^  »«ruEn  and  the  Itke,  on  tbe  aggluiinatiOD  of  mastio  by 

etoatrolytc^. 
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tioation  depends.  In  short,  the  o-ssential  phenomenon  with  agglu- 
tinins, as  with  other  active  subslauce.s  iu  scnij  is  its  union  with  the 
antigen;  as  far  as  the  aggiutinaticmitydf,  whii^h  follows  this  union, 
in  concemetl,  it  is  only  a  secondary  pheDomenc»a  on  whieh  we  L-an- 
nol  depend  in  con^iilering  agglutinms  ^  functionally  different 
in  molecular  structure  from  the  other  antibodies.  Such  remarks  ou 
agglutiniuH  also  apply  to  precipitins  or  the  setisituera  which  Ehrlich 
endows  with  a  coin  piemen  tophihc  group.  It  ia  particularly  be- 
cause this  investigator's  theory  suggested  an  artificial  classification 
of  the  antibodies,  that  it  appeara  to  me  to  have  exerted  a  harmful 
influence  on  scientific  progresa. 

Everyone  agreun,  naturally,  that  the  numerous  antibodies  which 
the  study  of  immunity  has  brought  to  our  knowledge  and  which 
are  active  on  such  different  elements  as  bacteria,  cells,  toxins,  and 
the  hke,  should  not  be  coa^idered  aa  identical,  inasmuch  as  they  may 
be  diatinguishRl  as  regards  specificity,  or,  in  other  words,  since  they 
unite  with  different  antigens.  But  in  a^idilion  to  this  incontestable 
difference  of  specificity,  Ehrlich  has  imagineil  another  one  which  ia 
more  far  reaching  and  which  deals  with  the  molecular  structure 
of  the  antibody.  Indeed,  he  classes  these  antibodies  in  ac- 
cordance with  their  molecular  structure  into  three  gt^nera;  anti- 
toxins with  a  !^i[tgle  etimbhiing  group;  agglutinins  and  precipitins 
with  a  single  combining  gniup  but  wilh  an  mlditional  functional 
group  which  brings  alxtut  agglutination  or  precipitation;  and  finally 
sensitizers  which  have  two  euniljining  groups  m  their  molecule, 
uniLing  on  llie  one  hand  with  the  cell  that  ia  affected  and  on  the 
other  with  the  alexin  (complement),  antl  hence  the  name  of  ambo- 
ceptor. 

In  every  instance  according  to  this  classification  the  phenomena 
observed  are  attributed  to  special  properties  in  the  antibody  and 
never  to  those  iu  the  antigen.  As  a  matter  of  fact,  these  phenomena 
should  he  related,  not  as  reganla  antigen  or  antibody  considered 
separately,  but  as  regards  the  comjDlexes  which  result  from  their 
union,  and  it  is  evident  that  the  special  properties  of  the  antigen 
must  affect  markedly  and  perhaps  to  a  preponderating  degree,  the 
f[uaUiies  of  such  complexes,  I  have  just  mentioned  this  idea  as 
applied  to  agglutination,  and  I  ha'S'e  frequently  defended  it  in 
respect  to  sensitizers.    The  sensitizer,  on  uniting  vrith  the  cell 
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which  it  affects,  /firms  with  it  a  ccunplcx  enJowcd  with  avidity  for 
alL'xin.  a  complex  which,  in  other  tenns,  manifest.^  pro[jerties  of 
adsorption  which  neither  of  its  constituents  alone  possesses.  Just 
as  the  union  of  agglutinins  with  bacteria  prtMim-es  in  llieni  a  remark- 
able sensitivity  to  the  agglutinating  effnet  nf  eietitrolyles  by  mmii- 
fying  their  property  of  molecular  a<nu*Lionj  in  b  similar  way  sensi- 
tizers confer  on  their  antigens  a  fiiinilar  nimlific**!  pmpeHj"  of  adhe- 
sion, namely,  alexin  adsorption-  Such,  indeeil,  is  my  eunccptioii 
of  senwi  Liza  lion,  and  I  shall  later  return  briefly  to  a  discussion  of  it 
ill  considering  (jbjections  that  have  l>een  i-aisi^d  to  it. 

Nothing  authorizes  us  to  separate  the  antiboiiies  with  which  we 
have  been  dealing  by  such  shaqi  damareations  as  W  attribute  to 
them  such  different  constitutions  or  as  to  suppose  that  the  cause  of 
all  these  ob^er%'ed  manifestations  is  due  to  changes  in  their  mole- 
cule, without  paying  any  atlenlion  to  the  nature  of  the  antigec- 
Amibodics  of  widely  divergent  appearance  present,  then,  marked 
relalioii-^hip  to  one  another,  and  the  separations  that  have  been 
raidcti  by  classifying  them  in  accnnlance  with  hypothefi<w  dealing 
with  the  general  structure  of  their  molecule,  are  imoginarj'.  In  ray 
opinion,  antibodies,  whatever  their  nature,  aet  very  much  alike; 
but  the  effects  that  they  protluce  differ  with  the  antigen  in  question 
ami  the  characteristics  which,  on  aocnuntr  of  its  own  nature,  it  caii 
produce  as  eoon  as  it  unites  with  the  appropriate  antibotiy,  Jt  is 
evident  that  this  point  of  view»  in  Euidition  to  being  better  in  har- 
mony with  fact,  prceenla  aleo  the  marked  advantage  of  prxJucmg 
a  greater  unity  in  our  conception  of  the  properties  of  sera,  since  it 
does  not  necessarily  recogniae  varioud  famdiea  of  antibodies,  but 
limits  itself  to  noting  the  infinite  variety  of  the  antigens, 


It  ia  not  for  me  to  defend  my  work,  which  is  here  oPfercxl  in  its 
entirety  to  the  judgment  of  the  scientific  world.  But  I  may  I*  per- 
mittal  to  characterize  my  metho(i  of  research  by  saying  that  1  liave 
yielded  as  little  as  possible  to  the  inspiration  of  theory ;  and  for  this 
reason,  moreover,  no  general  conception  of  obscure  rjuestions  will 
be  found  In  the  present  article.  Like  every  other  observer,  I  have 
offered  certain  hypothepes,  but  thcj'  scarcely  merit  this  name,  for 
they  are  so  little  removed  from  the  facts  observed;  they  art*  rather 
a  transeription  of  impressions  gathertd  Iwm  the  results  of  laborar 
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toiy  experimentation.  At  the  risk  of  being  considered  by  some 
readers  aa  not  posseeaiag  a  suffieienlly  generalizing  mind,  I  must 
admit  that  I  have  been  led  to  make  my  most  important  discoveries 
by  j'ieldinp;  tractably  to  the  inipubo  of  faoU,  by  lotting  myself  be 
moved  by  my  'lata  without  attempting  to  diseipline  them  or  sub- 
ject them  to  systematic  ideas  of  ray  own-  This  Is  quite  evident  to 
one  ^'ho  follows  the  evolution  of  my  researches.  For  examiile^  I 
have  frequently  been  at^ked  how  I  eamc  to  discover  the  law  of  bat-- 
teriolysia  (that  is  to  aay  the  collaboration  of  two  substances,  alexin 
and  sensitizer),  or  how,  following  that  deduction,  I  had  the  idea  of 
immunising  aoiraala  agaimst  the  blood  of  an  ahen  speciea  or  against 
miJk  ^hemolytic  sera  and  prccipitina  for  albuminous  substances), 
which  enabled  me  to  demonstrate  the  idea  that  the  organism,  by 
employing  the  samp  mechanism  and  by  the  i^ame  procee<lings, 
immuniaea  itself  against  elementii  that  iliffer  nmrkeilly  fmin  l>ac- 
teria;  that  is  Lo  say,  the  produetion  of  antibacterial  ant.iljodioa 
simply  represents  the  application,  in  the  struggle  again-^t  infective 
agents,  of  a  facnUy  which  the  animal  would  liave  poristwaed  even  if 
contagious  disease  had  not  existed.  I  may  be  permitted  then  to 
note  how  these  reseantlies  have  lieen  related  to  one  another,  and  it 
will  be  evident  that  no  guiding  theory  has  been  necessary. 

Pfeiffer  had  jiist  cliseovered  lysis  of  the  cholera  vibrio  in  the  peri- 
toneum of  guinea-piga,  and  Metchnikoff  haii  shown  that,  contrary 
to  Pfeiffer's  opinioHj  this  phenomenon  occurs  in  vitro  as  well  m  in 
the  living  animal;  aU  that  was  necessary  was  to  mix  a  little  of  the 
peritoneal  exudate  frora  a  normal  guinea-pig  with  cholera  vibrios 
to  which  a  trace  of  cholera  serum  ha^l  been  addcfh  I  wondered 
whether  the  exudate  could  be  rcplacetl  by  fresh  defibrinattxl  blood 
from  a  normal  animal.  I  found  that  it  could;  vibrios  mixed  ^vith 
it  in  the  preaencc  of  cholera  scrum  showeii  granular  transformation, 
The  queation  then  wa,s  whether  it  wa.^  the  ccUa  or  the  serum  in  the 
defibrinated  blood  which  produce  this  effect,  and  experimentally  I 
found  that  the  serum  was  the  important  substance  an<l  that  neither 
red  nor  white  corpuscles  were  neccasar>'.  1  could  definitely  tlia- 
card  the  idea  of  cellular  participation.  But  why  was  fresh  normal 
serum  nece&sary?  The  cholera  serum,  as  we  then  employed  it  in 
experiments,  usually  came  from  a  stock  that  hmt  iKen  kept  for  some 
time,  or,  a^  frequently  happened^  had  been  heaterl  to  60  degrees. 
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It  was  quile  reaeonablG  to  presume  that  fn^Uly  obtained,  unbeated 
chi^lora  seniiu  should  act  both  as  an  immune  eerum  and  as  frcfih 
normal  serum;  and  this,  iinieetj,  was  what  happened.  Under  these 
contiitions  it  alone  produced  melamorpLosiB  of  the  cholera  vibrio, 
A\T5cn  heated  to  55degree5  it  lost  ita  bacteriolytic  power,  but  recov- 
eral  it  on  the  addition  of  frc^h  norma!  serum.  Such  wos  the  dem- 
onstration ot  the  two  substances^  the  collaboration  of  which  ia 
necessary  to  produce  bacteriolysis, — the  aenaitizer  or  preventive  sub- 
stance, thermoplable,  specific,  and  characteristic  of  immune  serum, 
and  the  alexin  destroyed  at  J>5  degrees,  —  non-^pecific^and  present  in 
practically  the  same  amount  in  the  sera  of  noniial  and  of  varcinat^ 
animals,  as  may  be  shown  by  proper  mensuration.  While  carrying 
out  these  experiments  i,lS9o),  it  was  noted  that  cholera  serum  im- 
mobilizes and  agglutinates  chrjlera  vibrios  in  clumps;  this  was  the 
first  instance  of  agglutination  of  a  bacterial  culture  on  the  aildition 
of  a  small  rh>he  of  ifumune  serum.  It  wa-s  further  found  that  this 
agglutination  would  still  occur,  even  with  clioJcra  serum  that  had 
been  healed  to  CO  or  C5  degrees,  frani  whirh  fact  it  was  evident  that 
Iheagglutinatingproperty  isseparatofrom  the  bactericidal  property. 
It  became  obvious  at  once  that  one  might  uwe  this  tc-^i  which  is  so 
easy  tr.>  perfonu  in  vitra,  In  the  diagitosLs  of  the  cholera  vibrio, 
instead  of  the  in  vivd  method  which  Pfeiffer  Jiscovered.  This 
marked  the  introduction  in  bacteriology  of  serum  diagnosis  in  vitro. 

A^  may  be  seen,  tlie  idea  of  a  participation  of  two  substances  in 
bacteriolysis  is  nolj  properiy  speaking,  a  th9ory,  for  there  is  nothing 
hypothetical  about  it;  it  is  simply  a  literal  translation  of  observed 
fflctSj  particularly  the  experiments  of  '^reactivation"  which  have 
just  been  mentioned.  Following  is  an  account  of  tho  discovery  of 
hemolytic  sera; 

In  my  experiments  in  bacteriolysis  I  frequently  used  as  an  im- 
mune scrum,  the  serum  of  a  goat  that  had  been  iramuniao^i  against 
the  cholera  vibrio,  and  as  alexin  (complement)»  fresh  normal  guinea- 
pig  serum.  It  frequently  happened  that  the  latter  contained  a  cer- 
tain number  of  red  blond  celk  and  1  found  that  these  were  agglu- 
tinated and  would  be  agglutinaleil  even  when  mixed  v^ith  normal 
goat  serum.  1  had,  moreover,  alreatty  noted  that  neither  motility 
nor  vitahly  was  a  necessary  contiilion  for  the  agglutination  of  bac- 
teria;  cholera  serum  agglutinates  vibrios  tliat  have  been  killed  by 
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chloroform  very  well.  Since  ttic  baetcria  then  arc  passive  agents, 
reel  bloocl  cells  may  be  similarly  considered,  I  had  further  noted 
{and  this  fact  was  likewise  meotioced  at  about  the  same  time  by 
Gruber  and  Durham),  that  normal  sera  (anti  i^rticularly  certain  of 
them  such  as  horse  serum),  frequently  show  an  agglutinating  prop- 
erty for  various  bacteria  (for  example,  V.  cholcrac,  B,  ty|3hi>aus. 
B.  IctAni).  This  roastitutes  a  second  mUtion  between  bacleria  and 
red  bhxxl  cell"^,  ina-smueh  as  the  latter  are  also  rrt^c]upnlly  aggluti- 
nated by  nonnal  .sera  o(  alien  s[M^(^if>-  It  then  oceurral  to  me, 
naturally  enough,  that  If  immunization  againj^t  b&clena  increases 
the  agglutinating  property  towani  a  given  orgaoLsm  tii  a  eoiwider- 
able  extent  over  that  in  the  uormal  animal,  we  migiit  bo}>e  to  ob(am 
a  similar  result  with  reil  blood  eellfl.  By  immnnizing  an  animal  of 
speeies  A  with  the  blood  of  species  B,  we  should  obtain  in  animal  A, 
a  powerful  agglutinin  for  the  corpuscles  of  B.  With  th.is  purpose  in 
mind  1  vaccinated  guinea-pigs  against  rabbit  blood.  Wlien  I  saw 
that  speeific  hemolysis  also  ocenrreJ  under  these  conditions,  the 
analogy  of  which  with  bacteriolysis  was  most  obvious,  I  hail  simply 
to  repeat  the  experiments  that  I  had  already  performed  with  cholera 
aerum  and  cholera  vibrios  with  hemolytic  sera  and  corpuscles.  The 
law  of  two  eubtftancej^  was  completely  verified,  and  its  significance 
and  importajicG  bccnmo  more  evident. 

My  researches  on  "lacto  Bcruni,"  that  is  to  say  an  immune  serum 
which  precipitates  milk,  as  well  as  the  ideas  which  I  obtained  con- 
cerning, first,  the  mechanism  of  agglutination,  and  later,  the  nature 
of  the  reactions  between  antibodies  and  antigens,  which,  according 
to  my  idea,  arc  probably  to  be  classed  io  a  category  of  adsorption 
phenomena,  also  began  quite  independently  of  any  abstract  ccncc[>- 
tion.  On  examining  test  tubes  which  contained  bacteria  aggluti- 
nated by  eeraf  t  had  been  struck  with  the  resemblance  between 
their  appearance  an<l  the  flocking  out  of  chemical  precipitates,  par- 
ticularly of  the  insoluble  salts  coming  from  a  double  dpcnmposition. 
It  is  a  current  notion  that  flocculation  h  favorcil  by  el{*[:Ln^lytes,  anil 
the  influence  of  the  latter  had  been  particularly  studie<.l  in  respect  to 
the  sedimentation  of  clay  and  the  agglutinaliun  of  emulsions  of  ma?^ 
tic.  A  stutiy  as  to  whether  the  agglutination  of  bacteria  ^hu  ULfPs- 
sitated  the  presence  of  salt^  was  obvious,  and  afi  we  know,  such  a 
necessity  was  experinienfiilly  proved.     It  was  found  that  bacteria 


606 


STUDIES   IN  IMMtmiTY. 


which  hftti  been  affected  by  the  aggluiium,  act  subsequently  pre- 
cisely like  inert  chemical  particles.  In  other  worde»  bactoia,  on 
UEilbiR  with  Ihe  aggluiiniii,  give  a  rnafiulum  which  is  floceulabie  by 
electrolytes.  But  could  we  not  go  further  and  say  that  any  eaaily^ 
coagulable  substance  will  pvc  the  same  results?  Should  wc  m 
obtam  an  agglutinating  eenuu  following  the  injection,  not  of  foi 
elements  like  baeteriaT  but  of  particles  of  amorf)hou3  organic  sub- 
stancefl?  Milk  casein,  which  occurs  in  a  colloidal  condition  in  the 
form  of  extremely  minute  particlea,  is  suitable  to  prove  thia  point. 
Animals  that  were  immunized  againi:t  mi!k  gave  a  f cmm  which 
precipitated  casein  and  consequently  agreed  with  the  observations 
which  Tchistowitch  had  just  made  on  the  formation  of  a  precipitate 
on  adding  eel  aerum  to  its  antitoxin. 

The  Hocculation  of  milk  casein  by  the  corresponding  immun* 
serum  establisheil  a  new  connection  between  the  pheuoraena 
agglutination    and    coagulation  which    D  uclaux    had    prevloi 
asserted!  to  be  closely  related.       Adsorption  of  the  agglutinio  modi- 
fies bacteria  in  respect  to  their  properties  of  atlhef^iou  with  the 
surrounding  Hiiid,  and  thL^  modification  is  evident  by  their  sus- 
ceptibility to  electmlylcs.     But  how  iloes  the  agglutinin  imite?     Wi 
might  conceive  of  a  single  molecular  contact,  of  an  adsorption  of  tl 
antibody  by  the  antigen  similar  to  the  a<isorptioi]  of  anilin  dye  byl 
filter  paper.     I  tested  aiitilxxlies  from  this  standpoint,  and  in  par- 
ticular did  the  experiment  which  demonstrated  that  a  given  drjse  of 
hemolytic  serum  destroys  variable  amounts  of  corpuscles  in  accord-, 
ance  ^th  their  adLlition  in  a  single  or  in  several  doses.    It  woi 
take  mc  too  far  afield  to  discuss  this  experiment  in  grcaterdetaO, 
an  experiment  which,  as  we  know,  has  been  employed  by  various 
invcKtigatora   with   similar  results^  particularly  in   dealing  with 
antitoxiDS.    Such  are  the  purely  cMperimenlal  results  which  firet 
suggested  to  me  the  ideas  that  I  have  since  defended  concei 
the  mode  of  action  of  antibodies^  without  being  guided  by  an] 
tlieoretical  leaning  in  one  direction  more  than  another. 

When  we  have  hemolytic  sera  which  are  evidently  toxic,  it  ifl' 
quite  natural  to  attempt  to  obtain  antitoxins  to  them ;  the  effect  of 
such  an  antiserum  on  the  hemolytic  serum  can  then  be  split  up  into 
Beveml  factora  and  it  is  found  to  contain  both  an  antiscnsitizcr  and 
an  anti-alexin.    3*>om  another  standpoint,  inasmuch  as  the  alexin 
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either  hemolyaea  or  bacteriolyzes^  it  is  nece?!sary  to  detennine 
wliethcr  it  is  uswl  up  in  lU  action,  and  whether  the  surroiincling 
fluid  becomes  inactive  for  new  eensitizwl  celb^,  whether  corpuscloa  or 
bacteria.  By  such  expcrinicDts  the  fixation  of  tlic  alexin,  and  at  the 
same  time  ita  functional  unity,  were  detoniunci.i  —but  here  let  mo 
atop  in  this  renew  of  the  evolution  of  my  researches.  It  ia  quite 
useless  to  go  further,  as  ray  single  desire  haa  been  to  show  that  it  is 
not  1,  myself,  who  has  created  or  even  choecn  my  ideas;  Ihcy  have 
rather  been  forced  upon  me  by  fa<:t5,  by  the  Ic^cal  induction  which, 
so  to  apeak,  is  the  inevitable  result  of  experinientationj  and  by  the 
immediate  deiluctions  from  it.  I  have  limited  raysclF  to  being  an 
experimenter  and  ver>'  little  of  a  theorist,  and  the  accuracy  of  the 
opinion?  which  I  have  defendetl  h,  I  think,  best  guaranteed  by  this 
fact.  Certain  of  my  conclusiDna  which  have  Ijeen  attacked  for  a 
long  time  are  now  beginning  to  gain  the  appRtbation  of  investiga- 
tor. Suchj  for  example,  is  the  idea  cjf  a  fimctiunal  unity  of  alexin 
(complement),  and  the  idea  that  sensitizers  possess  no  complemento- 
pliilic  gniup  but  form  a  rntnple.v  wir!i  the  anligen  which  manifests 
ad.'inrplion  pnjperliLS  fur  alex^Jn.  It  would  .seem  well,  perhaps,  to 
consider  briefly  the  pn?sert  status  of  these  two  subjects  of  discua- 
eion,  and  to  sum  up  the  arguments  for  atu.1  against  them. 

*** 

Alexins  derived  from  animals  of  different  species  are  not  all  en- 
dowed with  the  same  properties;  they  are  particularly  to  be  dis- 
tinguished in  that  they  are  not  ad  equally  toxic  and  equally  apt  to 
produce  hemolysis  and  bacteriolysis.  I  do  not  nee<l  to  insist  further 
on  this  point,  inasmuch  as  it  has  been  accepted  by  nearly  all  ob- 
eervers.  The  researches  of  Streng,  which  were  done  at  our  Pasteur 
Institute,  demonstrated  the  renl  c.^tenec  of  anti-alexins  which  had 
been  contested  by  certain  authors,  and  atill  further  showed  the  varj^- 
ing  toxicity  of  different  alexins. 

But  Is  there  a  single  alexin  in  a  given  scrum?  Without  citing  in 
deljiil  all  the  argumcnta  m  favor  of  it  which  have  been  offered  in 
my  articlea,  I  wish  again  to  insist  that  this  problem  should  be  con- 
sidered exclusively  from  the  standpoint  of  function.  Our  knowl- 
edge of  the  constitution  of  the  alexin  is  too  obacure  to  penmt 
our  determining  whether  the  alexin  in  a  given  serum  is  chemi- 
cally one  or  more  substances.    The  important  point  to  know  is 
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whether  a  givoo  alexin  reaeis  witli  various  ceils  such  as  bacteria  and 
corpuscles.  In  1895  I  thought  to  outline  the  process  of  imrauniaa- 
tinn  aj>  Follows : 

'*The  bactericidal  aub^tance  (alexin)  is  the  same  whatever  be 
the  bactcnuni  in  C|uestion.  In  animals  vaccinated  against  certaiti 
infections  the  energy  of  the  bactericidal  substance  is  more  markedly 
evident  iLgainst  a  particular  bacLcriurn,  owing  to  the  effect  of  the 
prc'vcnlivc  eub^tancc  (senfiitizer)  which  varies  in  each  cose  and  the 
nature  of  which  ilcpcmls  on  the  micnj-organiera  used  for  immunisa- 
tion. It  is  owing  to  the  intervention  of  this  particular  sulit^tance, 
the  specific  antibody,  tliat  the  animal  body  <lirccL&  it?  destructive 
power  agaititft  a  particular  infective  agent.'' 

la  this  statement  still  accurate  in  spite  of  the  afEnnatioiis  to  the 
contrary  as  regards  a  multiplicity  of  alexins  which  have  come  from 
Ehrlich  in  particular?  At  tlial  time  I  expressed  in  a  definite  man- 
ner the  opmion  which  was  later  confirmed  by  a  study  of  hemolytic 
sera,  that  the  animal  boily  does  not  contain  a  series  of  alexins, 
some  of  winch  act  In  the  presence  of  certain  sensitizers  and  are  thus 
employed  m  struggling  against  certain  bacteria,  while  others  are 
Inciter  a^lapteil  to  work  wl(h  otlier  wensitisers  to  combat  other  bac- 
teria. On  the  contrary  it  h  the  same  weapon  in  each  instance, 
a  single  alexin  which  reacts  now  against  one  and  now  against 
another  baetenum,  owing  to  the  speclRcityof  the  sensitlaer.  Sev- 
eral of  my  arlicle?^,  particularly  the  (*uc  on  cytolytic  sera  in  1901, 
gave  the  ev[^erhrll:'Tltal  foundation  for  thiy  conception,  and  I  may 
content  myself  simply  with  reeaUIng  them. 

If  thi^  conception  were  incorroei,  if,  for  example,  the  hemolytic 
alexin  differed  from  the  bacteriolytic  alexin,  how  would  Gengou  and 
I  have  been  able  to  devise  an  Invariable  method  for  demonstrating, 
anti-baeterial  eensitizers,  namely^  the  filiation  of  the  alexia  by  sensi- 
tized bacteria^  aa  shown  by  ueing  sensitized  red  blood  cells  as  ai 
reagent?    Would  this  method  have  been  univeryally  accepted  aa  it; 
haa  been?     Should  wo  have  been  able  to  use  it  bb  an  argument  in 
favorof  the  aulhcclicity  of  our  organism  of  whooping  cough?  If  the' 
conception!  which  is  the  basis  of  this  method,  were  false,  what  con- 
fidence would  remain  in  the  serum  diagnosis  of  syphihs?     Notwith-' 
standing,  the  contrary  thci^Ls  of  a  multiplicity  of  alexins  in  a  given 
fienim  met  with  the  support  of  many  investigators  a  few  years  ago. 
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I  believe  this  is  owing  to  the  fact  that  in  interpreting  experimeota 
insufficient  attention  was  paid  to  two  essential  points,  the  fif^t  of 
wliich  is  the  aniagoiiistii;  [Xiwer  of  herum,  aiiil  the  othpr  that  a  given 
alexin  does  not  destroy  all  cells  with  equal  Facility.  Gay  an<l  I  have 
^ven  over  an  enf  ire  article  tu  the  study  of  the  antagonistic  properly 
of  semm,  antl  have  called  attention  to  (he  fa<^t  (width  whs  likewise 
brought  out  by  the  researches  of  Muir  and  Browning  in  the  same 
direction)  that  blood  eorpuselea,  [particularly  when  feebly  sensi- 
tized, may  remove  only  a  small  amount  of  the  alexin  from  a  sur- 
rounding fluid,  even  when  they  are  pre^^ent  in  large  numbers.  The 
same  idea  applies,  of  course,  to  bacteria.  Such  a  fact  destroys 
all  the  value  of  the  so-calletl  "elective  complement  absor|ition 
methoih"  The  fact  that  m  the  presence  of  a  sensitizwl  cell  a  cer- 
tain portion  of  the  alexin  may  remain  free  in  the  surrounding  fluid 
does  not  in  any  way  prove  that  this  non-absorbed  alexin  differs  from 
that  which  has  been  fixed.  This  reniark  also  applies  to  experiments 
in  which  weakly  sensitizing  sera  arc  used  (normal  acra  for  example), 
experiments  that  have  been  frequently  used  to  demonstrate  a  fxmc- 
tiunal  multiplicity  of  the  alexin. 

tn  the  sccontl  place,  when  we  note  that  a  small  dose  of  a  given 
alexic  serum  suffices  to  destroy  sensitized  corpuscles  of  species  A, 
whereafi  a  larger  amount  of  the  pamc  scrum  i^  necessary  to  dcc^troy 
sensitized  corpuscles  B,  we  arc  not  authorizwl  to  conclude  that  two 
different  alexins  are  present,  each  one  appropriate  for  only  one 
of  these  two  species  of  corpuscles,  and  that  one  of  these  alexins 
exists  in  larger  amount  than  the  other.  In  accortlance  with  the 
work  of  Muir  and  Browning,  and  of  Gay  especially,  we  must  con- 
clude that  there  l-*  only  one  alexin,  but  that  corpuscles  difTcr  in  the 
amount  of  this  substance  which  they  require  fur  hemulysis. 

It  is  further  to  be  noted  that  the  parlL^ian.'s  of  a  functional  multi- 
plicity of  the  alexin  have  since  modified  their  original  conception  to 
a  great  extent.  They  now  atlmit  that  various  amboceptors  from  a 
given  animal  species  have  a  uniform  structure  in  so  far  as  the  com- 
plemeiU">philic  grtjupii^  concerns  1,  which  is  equivalent  to  saying  tliat 
they  absorb  the  same  alexin.  If  we  are  to  a*lrait,  then,  thai  various 
hemolytic  or  bacteriolytic  sen^^itizere  produce  fixation  of  the  same 
alexin  on  vfirious  cells  which  they  affect,  we  evidently  admit  that 
thesa  alexins  may  be  used  indifferently  in  hemoly^^is  and  bautenoly- 
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e\3,  in  other  wonis,  we  admit  the  unity  of  the  alejun  at  least  fune- 
tionally,  if  not  ciicniicallyH  In  conclufiion,  then,  I  think  that  the 
opinion  which  I  cxprcsseii  in  1S95  on  the  mechanism  of  acquired 
immunity  in  accordance  with  which  the  animal  body  would  seem  to 
direct  the  same  weapon,  the  same  alexin  againet  variyua  foreign 
cells,  owing  to  the  presence  of  a  specific  sensitizer,  is  gradually 
receiving  the  united  agreement  of  scientists. 

In  so  far  aa  concerns  the  mode  of  fixation  of  alexin,  the  divergent 
opinions  of  Khrlich  and  Morgenroth,  anti  myself,  are  well  known. 
According  to  these  authors,  the  Bensitiaera  have  a  eomplemento- 
philic  group.  I  have  already  previously  mentioned  ray  own 
opinion;  1  think  that  avidity  for  alexin  logically  rcserahli'S  agglu- 
tination or  sensitinty  to  the  flocculating  action  of  salts.  Taken 
alore,  neither  the  bacteria,  or  at  least  the  great  majority  of  them, 
nor  the  agglutinin  la  afTectetl  by  salt,  but  the  complex  whieh  Ihey 
form  is  agglutinable  by  this  electrolyte.  In  the  same  way  neither 
the  aml>ocept-jr  nor  the  antigen  in  question  bis  alone  any  manifest 
affinity  for  the  alexin,  but  they  form  by  their  union  a  e{)mplex 
whii'h  can  al>iorb  alexin,  in  other  wnnla,  which  lias  particular 
properties  of  atlhesion.  As  a  result,  as  T  have  already  notefl,  there 
i,B  no  fundamental  (lifTerenee  l>etween  sensitizers  and  such  other 
anlilxMlies  as  antitoxins.  There  is  no  such  thing  as  an  ambocep- 
tor; all  antilxMiUes  on  the  contrary  are  "  uniceptors."  There  exist, 
however,  antigens  which,  by  uniting  with  the  suitable  antibody, 
pve  complexes  which  can  adsorb  alexin,  whereas  other  flnlig;en3 
have  no  such  property.  I  do  not  think  it  is  neeessarj^  for  me  to 
return  to  the  experiments  that  1  have  described  m  my  articles  which 
show  that  there  is  no  means  of  determining  any  direct  affinity  of 
sensitiaeis  for  alexin  in  absence  of  the  antigen,  and  consequently 
there  is  no  reason  for  admitting  the  exislencc  of  a  compiemento- 
phiUc  group,*  Other  experimenters;  have  brought  out  similar  facta 
which  lead  to  the  same  con c I u.*; ions.  Thus,  according  U>  Frouin  and 
Muir  and  BroTvinng,  on  parsing  scrum  through  certain  filters  it  b 
found  that  the  sensitizers  pa^  through  whereas  the  alexin  is  retained. 

*  Tliiaistruf^H  aot  only  as  regiuda  A^iiaiiiBers  thai  ace  on  carpuecles  or  bacteria,' 
but  ulsOf  as  Gf  Dgou  has  sbcwn,  as  rrgiutia  Uio^  tLat  aJTpct  albumiaaid  ffuLipUmccs; 
in  ihi*  case  niso  fixaiiiin  of  alexiit  takes  place  only  wben  both  Ihe  antibody  and 
tbe  antigen  are  prefect. 


In  a  aimilar  manner  these  same  English  autbora  have  recently  found 
that  sensitizers  filter  equally  wt^U  whether  mixed  ur  not  with  a 
strong  <lo&c  of  complement,  whiuh  latter  substaEce,  as  alrt-aily  oien* 
tioned,  docs  not  succeed  in  getting  through.  Ehrlich  and  Morgen- 
roth,  to  be  3ure,  had  already  ruade  similar  obserx-atioua  wliicli 
corroborate  this  idea  tliat  the  alexin  and  the  seiisitiser  exist  side 
by  side  in  serum  without  being  combined,  I  established  tlial  par- 
ticipation of  the  antigtn  is  always  necessary  in  aleKin  absoqjtion. 
Partisans  of  tbe  coniplementtiphilic  gmup  now  atlmit  that  suuh  a 
conception  is  true  in  at  least  thp  majority  of  caaet^;  thev  say,  ia 
fact,  that  the  energy  of  affinity  of  the  i^omplementophilic  group 
is  frequently  incrtased  as  a  result  of  a  union  of  the  sensitizer 
with  the  antigen.  This  amounts  essentially  to  accepting  the  no- 
tion, to  my  opinion  the  only  important  one,  that  fixation  of  alexin 
U  subsequent  to  the  formation  of  the  complex,  antibody-antigt^o. 
And  what  is  more,  the  hypothesis  of  a  com  piemen  tophilic  group  is 
in  distinct  disagreement  with  certain  of  Muir's  experiments,  Tliia 
author  found  that  blooti  corpuscles  that  had  fixa.i  the  sensitizer  and 
had  been  saturated  with  alexin  could  subsequently,  by  diffusion, 
lose  a  certain  amount  of  their  SE^aeiliaer^  although  they  retain  the 
complement,  and  what  is  more,  in  thie  instance  they  lose  aa  mucli 
sensitizer  a:^  if  they  had  not  absorbed  complemcBt-  Consequently 
it  is  in  no  way  through  the  mediation  of  the  eensitiaer  that  the  alexin 
attaches  itself  to  the  corpueclcs;  if  this  were  the  ease  the  removal 
of  the  aenaitizer  would  neccasariJy  imply  that  of  the  alexin,  which, 
as  wc  have  just  menlionetli  does  not  leave  the  corpuscles. 

It  ia  clear  that  if  it  had  been  proved  that  the  sensitizer  fixes 
the  alexin  without  the  presence  of  the  antigen  in  even  a  single 
instance^  the  idea  of  a  co m piemen tophilic  group  should  be  accepted. 
Ehrlich  and  Sacha,  as  we  know,  thought  that  they  had  found  thia 
deciave  example  in  dealing  with  the  hemolysis  of  guinea-pig  cor- 
puscies  by  a  mixture  of  heated  bovine  serum  and  fresh  hon=c  senim- 
But  the  researches  I  earrieil  out  with  Gay  are  also  kiiown^  researches 
which  1  have  subsequently  continued  anil  in  acconlance  with  which 
Ehrlich  and  Sachs'  interpretation  Is  completely  inaccurate.  These 
researches  have  been  criticiseil  by  Sachs  and  Bauer,  which  aecoitnta 
for  my  reconsideration  of  the  subject  in  collaboration  with  Dr. 
Oswald  Streng.     Streng  and  I  were  able  to  prove  tliat  Sachs  and 
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Baucr's  objection  is  without  foundation,  and  we  have  defined  sUU 
further  the  properties  of  that  remarkable  substance  which  we  for- 
merly caUed  bovine  colloid  but  which  we  now  call  conglutinio,  the 
interventicn  of  which  explains  the  peculiaritity  of  this  iHirticular 
instance  of  heuiolysK.  Without  going  intu  details  as  to  this  latter 
work  (which  may  be  found  in  the  Centralblatt  fiir  Bakteriologje, 
Vol.  49,  second  Heft),  I  may  eontcnt  myself  with  noting  that,  con- 
trary to  Ehrheh  and  Saehs"  opinion,  the  bovine  amboceptor  is  in  no 
way  atmomial  but  agrees  with  the  general  law,  wliich  is  that  the 
sensil.izrr  doi^  not  afrt  alone  in  aljsorbing  alexin,  but  only  the  com- 
plex, norjjuscle-sensitiaer.  Streng  has  since  contiiued  the  study  of 
bovine  serum  (see  Centralblatt  fiir  Bakteriologie,  1909).  This 
author  has  made  Home  very  interesting  observations  by  employing 
with  ihe  bovirje  serum,  bacteria  instead  of  eorpusc'les,  which,  in  so 
Far  as  the  theory  of  the  action  of  serum  Ls  concerned,  agree  perfectly 
with  the  experiments  on  corpuscles  which  we  had  performed.  My 
studies  with  Gay  on  the  antagonistic  {xtwer  of  serum,  and  Gengou*s 
numerous  experiments  on  the  phenomenon  of  adsorption,  make 
more  evident  the  idea  that  fixation  of  alexin  is  in  re-ality  an  atlsorp- 
tion  phonomeuon.  The  striking  anak»gies  so  far  as  the  action  of  the 
citrate  of  scxlium  is  conceme<i,  between  the  fixatiou  of  alexin  or 
other  hemolysis  on  the  one  hand  and  Ihe  atlsorption  of  certain 
chemical  precipitates  on  the  other,  arc  very  BURffcstive  and  it 
Is  uniiccessar>'  to  insist  on  Ihem  further.  Which  of  the  argu- 
ments that  have  been  offered  in  favor  of  a  complementophi- 
iic  group  of  the  sensitizer  still  remain?  In  the  fiist  place  the 
odstence  of  complemcntoide.  On  heating  certain  alexins  very 
carefully  (for  example  toward  ^2  dcgrcea),  we  find  that  their  hemo- 
lytic energy  is  much  decreased ;  but  alexins  that  have  been  altered 
in  this  manner  can  still  be  ateorbe^l  by  sensitized  corpuscles.  As 
would  \yQ  naturally  cxj^ctal,  such  corpuscles  chargal  with  com- 
plcnientoi^L^,  that  is  to  say  an  alt^retl,  or  perhaps  better,  afTected, 
alexin  are  thenceforth  incapable  of  fixing  active  alejdn  for  the 
simple  rea-^on  that  their  capacity  fnr  alexin  mlsorption  is  not  with- 
out Innits.  These  corpuscles,  [laving  beeo  saturated  wilh  weakened 
alexin,  subnequently  refasp  the  hemolytic  alexin  and  consequently 
remain  intact.  Gay  has  carefully  explained  this  phenomenon  in 
his  art^icle  on  complementoids.      What  relation  indeed  have  these 
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aUbstancea  with  the  theory  of  a  complomentophilic  group?  If 
ll  hfl<.l  been  foUDd  that  the  sensitizer  eoold  absorb  complements 
without  the  presence  of  antigen,  the  theory  would  have  been  forti- 
fied^ but  DO  eueh  thing  happens.  As  with  intact  alexin,  so  alexin 
that  ha-s  been  altered  byagrailuatcd  temperature  is  absorbed,  not 
by  the  sensitizer  aioue,  but  only  by  the  complex,  corpuacle-sensi- 
tizer;  in  other  words,  the  gereral  law  hotds. 

Aa  reganb  the  arguments  fumishetl  by  a  atucly  oF  cobra  venom 
and  lecithin,  there  ia  nothing  to  prove  that  they  are  applicable  to 
sensitiaens  and  alexin-  The  rest^rt^htw  of  Kyes  aiwl  of  NeLsser  and 
Friedemann  have  shown  clearly  tliat  tlie  venom,  although  in  itself 
unable  (o  desfnjy  certain  mr^iujicles,  does  hemolyKe  theic  when 
atldetl  tu  letrithiTj;  in  other  worda»  the  complex,  vcnoni'leeithin  ia 
remarkably  aetive.  But  what  reason  is  there  to  suppose  that  sen- 
sitizer und  alexin  necessarily  aet  a-s  do  venum  and  lei^Uhin?  There 
would  seeTii,  <m  the  contrary,  no  imrallel  between  them.  The  union 
of  venom  and  leeilhhi,  which  iimy  perfeetly  well  fx:  a  simple  adsorp- 
tion phenomenon^  is  easily  demonstrable  experimen tally,  whereas 
no  sueh  union  between  Bensitlzer  and  alexin  Iq  evident.  What  Ls 
more,  corpuscles  that  resist  the  action  of  venom  alone  but  are  he- 
molyzed  by  the  complex  of  lecithin  and  venom,  are  unable  to  fix 
venom  when  lecithin  is  not  present,  whereas  we  have  seen  that  the 
sensitizer  in  hemolytic  serum  can  always  be  absorbed  by  the  cor- 
puscles in  the  absence  of  alexin. 

Experiments  on  antiseusitizcrs,  and  particularly  those  which  I 
publi;^heti  in  19C4,  have  been  made  use  of  by  Ehrlich  and  Sachs  as 
favoring  the  existence  of  a  coraplementophilic  group,  I  foimd  that 
scnaitizcd  corpuscles,  when  mixwl  with  a  suitable  antisensitizer,  lose 
their  power  of  al^orbing  alexin;  in  other  worfbj  the  antisenaitizer 
really  cures  the  eoipusclcs  since  it  annuls  the  effect  that  the  sensi- 
tizer has  produced.  From  this  observation  Ehrlich  and  Sachs  con- 
eluded  thtit  the  antise.nsitizer  unites  with  a  compbm  en  tophi  lie 
group  of  the  amboceptor  and  consequently  satisfies  it^  affinities. 
Acconling  to  these  authors  this  Interpretation  is  the  only  one  which 
is  compatible  with  the  Faet  that  the  antisensitizer  drives  out  the 
sensitizer  fnnn  Hie  ^^^y^us[^le,  It  is,  indeeil,  tme,  as  I  noted  in  my 
article,  that  the  antlseusiti^er  unites  with  the  eorpu.seIe-aensilizer 
complex  but  does  not  eliniinat.e  the  latter  substance.    It  simply 
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causes  the  complex  to  lose  Us  affinity  for  alexin.  Adsorption  phe- 
nomeua  frequently  aliow  slrniliir  jiretripitaLioiis  of  variouK  aubsutac«s 
on  one  another;  for  example,  if  we  wvish  a  rather  thick  suspension  of 
barium  sulphate  over  a  firm  paraifin  surface,  we  find  that  the 
paraffin  becomes  covered  with  a  delicate  wliitc  layer  of  sulphate 
which  adheres  and  resists  washing.  Let  us  now  place  a  suspension 
of  retl  blood  cellfl  en  eueh  a  paraffin  surface  that  has  been  covered 
with  barium  sulphate,  and  then  wash  with  salt  solution :  we  find  the 
corpuscles  adhere  to  the  sulphate  with  whieh  the  paraffin  is  covered ; 
the  surface  gradually  takes  a  reddish  coior  which  resists  washing  m 
salt  solution.  The  paraffin  adsorbs  tho  sulphate  which  in  its  turn 
adsorbs  the  coq:msclcs.*  it  k  evident  that  in  such  an  instance  the 
phenomenon  may  be  expressed  by  saying  that  the  auiphatc  func- 
tions as  amboceptor  between  the  paraffin  and  the  corpuscle. 

But  arc  we  always  obliged  to  conclude  that  when  a  property 
becomes  manifest  or  disappears  it  is  owing  to  the  integrity  of  or 
an  alteration  in  a  definite  atom  group?  When  a  sensitiaed  cor- 
puscle tliat  has  been  diaintoricated  by  antisensitiaer  Fails  to  fix 
alexin,  must  wc  suppose  that  the  complemcntophilio  group  of  the 
aensitirer  is  thenceforth  saturat<:d?  Such  an  interpretation,  in 
truth,  cannot  be  reconciled  with  fact;  experiment  showa  us  that  a 
given  antbeasitizerj  fur  t?xainpie  tlie  one  fiinil.^Ueil  by  guinea-pigs 
inununized  agairist  rabbit  serum,  neutralizes  all  the  sensitiBei^  frcjm 
the  same  animal  species  (in  Urn  cu.se  tlie  rabbit),  but  has  no  effect 
on  sensitizers  from  other  aiiinial  species.  Studies  on  the  fixation  of 
alexin  show  that  the  semiitiEers  of  diJTerent  animals  make  use  of  the 
same  alexin  in  brining  about  either  hemolysis  or  bacteriolysis;  if 
we  were  to  use  Ehrlii^h's  terminology'  we  should  be  forced  ctmse- 
quently  to  conclude  that  they  have  identical  eomplcmenlophilic 
groups,  Accortling  to  Ehrlich  s  interpretation  they  should  all  be 
neutralized  by  the  same  antisensiiizer,  and  such  is  not  the  case. 
We  findj  moreover,  that  sensitized  corpuscles  trealft!  by  a  suitable 
antiserum  subsequently  resist,  whatever  alexin  be  employed.  And 
what  is  more,  the  phenomenon  of  alexin  fixation  appeals  more  and 
more,  as  has  been  e\ideu(jed  in  the  preceding  pages,  to  be  an  adsorp- 

*  Gengou's  tTp«KTDeiits,  a^  \s  well  knnvD»  have  shown  Lhat  barium  aulphaLe 
poEsesBestbe  property  of  precipitatmg  lUelf  on  red  blood  ccUa  tktut  formiag  clumps 
with  tbem. 
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tion  phenomeoon  which  does  not  depend  on  a  strictly  defined  atom 
group.  It  is  prnbahle  that  the  pmiiertit^  of  nn»lt^ciilar  adhesioo  in 
a  corpusfle-sensillzer  complex  may  be  niucUfied  by  the  addition  of 
a  third  element,  the  antisensiti^cr,  and  that  the  tendency  for  alevin 
adsorption  will  <JUappear  correlalively.  In  the  same  way  the  tend- 
ency of  batium  stilphate  to  fix  itself  on  corposcles  disappears  when 
the  partifilcs  of  this  substance  have  been  previously  adsorbeti  by 
gum,  by  certain  albuminoids,  or  by  soHiliijm  citrate. 

And  finally  the  recent  researches  of  Dr,  Oswald  Streng  have 
shown  that  the  anti-alexins  act  in  the  same  way  as  the  antisensi- 
tiaera,  Horsealexin  becomes  fixed  easily  on  guinca-pi^' corpuscles, 
but  inasmuch  as  it  iw  only  slightly  hemolytic  it  docs  not  destroy 
them/  These  oorpuscltSi  which  have  fixed  alexin^  are  henceforth 
capable  of  giving  a  reaction  with  the  conglutinin  of  bovine  scrum; 
when  mixed  with  tliia  scrum  (previously  heated  to  50  degrees)  they 
arc  energetically  agglutinated.  If  we  takc^  as  Saclis  did,  guinea-pig 
corpusclea  laden  with  horse  alexin,  and  treat  them  with  anti-alexin, 
thatis  to  say,  heated  serum  from  a  rabbit  immunized  against  honse 
serum,  and  then  test  them  with  bovine  serum,  we  obtjim  no  con- 
glutinin reaction.  The  anti-alexin,  then^  has  neutralised  the  alexin 
which  has  been  fixed  to  the  corpuscles  and  has  cureii  them  by  causing 
the  prnjierty  which  the  alexin  proilucetlj  namely,  that  of  adsorbing 
congljtinin,  t«  disappear.  And  yet  the  alexin  that  has  been  fixeii 
with  corijuscles  has  no  free  group,  and  so  far  as  it  is  concemeil  no 
explanation  similar  to  the  one  pro[>o8ei.l  for  sensitizer  and  anti- 
sensitiaer  by  Ehrllch  and  Sa^;!]^  can  be  aeeeptetl. 

**♦ . 

Inasmuch  as  we  have  no  explanation  of  specificity  we  must  put 
aside  for  ihe  moment  the  question  as  to  why  such  and  such  an  anti- 
body unites  with  such  and  such  an  antigen.  But  even  if  the  under- 
lying rea'^on  for  this  combination  escapes  us.  we  can  at  least  endeavor 
t<i  determine  how  this  combmation  is  brought  about,  that  is  to  say, 
can  trace  its  development.  Attempts,  therefore,  have  been  made 
to  define  iho  characters  of  the  reaction  and  to  determine  in  what 
category  of  phenomena  it  belong.  The  reader  doubtless  kuowfl  the 
opinions  which  have  been  o  Tered  on  thia  subject.  Ccrttun  authors 
thought  that  this  reaction  sliould  be  likened  to  chemical  phenomena, 
properly  spcalung,  as  they  exist  cither  between  substances  endowed 
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with  an  energetic  affinity  for  one  auother,  in  which  case  the  reaction 
is  Gorapiete  and  gives  rise  ta  a  rehitiveiy  atable  compound  lEhrhch), 
or  between  substances  with  weak  affinilics.  in  which  case  the  com- 
bination is  only  partial  and  ilislmctly  reversible;  a  slate  of  equili- 
brium in  other  words  would  \x-  estabhshed  between  the  fraclioa  of 
the  antigen  which  reinaitis  fnv  antl  the  one  whieh  entenn  mto  coin- 
biiialion  (ArrhpEilits  and  Mailseu).  Aecnnling  to  other  authors, 
and  I  believe  I  waji  the  Hiyit  to  offer  tliis  opinion,  the  uiiiuu  of  the 
antibody  with  the  antigen  depends  do  what  la  ealleil  molecular 
atlhosion  or  contaet  siffinity,  in  other  wonls  should  be  ela^etJ  in  the 
category  of  adsorption  phenomena* 

In  this  connection  it  is  well  to  de&ne  the  limit  of  the  debate  and 
avoid  misunderstandings.  The  phencmena  of  a^lsorption  are  fre- 
quently contrasted  with  true  chciuical  phenomena,  but  it  is  not  the 
function  of  ihe  biologiyt  to  define  the  frontiers  of  ))h\'3ies  and  ehem- 
iatr>'.  \Vliat  ia  raore,  this  task  is  no  easy  one,  eince  the  most  au- 
thoritative physical  chemists,  as  Van  Bemmelen,  Ncrnst  and  many 
Othere,  themselves  consider  that  there  are  all  transitions  between 
data  of  adsorption  and  those  of  true  eticmical  combination.  It  is, 
then,8uperfiuoa*;  for  me  to  defend  myself  again,  as  I  have  already 
done  in  one  of  my  articles,  against  criticism  that  haa  been  raised 
against  mc  on  the  ground  that  I  deny  definitely  any  chemical 
character  to  the  union  of  antiboily  and  antigen  by  clawing  them 
among  a<l3orption  phenomena.  When  in  ^liacussing  the  arlion  of 
sera  one  mentions,  indcctl,  as  an  example,  the  dyeing  of  a  piece  of 
filter  paper  by  an  anilin  dye,  it  is  not  the  purpose  to  find  out  whether 

*  Inaamueh  as  it  {b  not  possible  to  ^ivo  a.  complete  hiftoricnl  account  at  this 
titatr,  I  tOAycoDliiie  myself  to  citing  nhat  llr^h  I'Vif^emunD  h&a  publi^li^  in  the 
be^inDing  of  his  ri>m:irkub]R  work.,  "Uplier  ilii*  F^itliiEig  von  Eiweisi  durch  s.nderd 
KollQida  und  Ibro  Bfriichungcn  til  den  ImmuTiktJr^^crrcahtioacnH"  aq  historical 
riccouiit  nbich  deals  vrith  the  Erab  aTiklea  bconng  on  the  relation  of  aibarptioa 
to  immunity. 

"  Daa  SludiuiQ  der  KolloTdo  hat  beniu  vlelfache  AiifocEdussc  ubor  die  pUyai- 
kiliocli-cliepiiflchcJi  Vorg4nj;c  Iwi  dcr  ImiuniiiUlflrujiktionto  Rogeben.  Die 
Vprhiridiinfl:i'n  dpr  TmmunlcDrp^r  wiinUu  mil  •]tfn  AilHorp:ionveTbindungen  d«r 
KoMoido  vefitfU'ldicn  (Bordot,  Landst^iow  unil  Jagic,  BihE,  ZaiiRRcr,  Much  iiiid 
Liclwrtn  Pauli^,  wiiirend  sich  dne  bemerkenswurti!  Xhnlidikoil  zwiKcheo 
tlfln  FallungHTffiilctioiien  dor  Tmrniinlirtqier  {jVu:d"Hnfttion  und  I'raEipiluiion) 
und  den  GclbiUluntcca  und  Pri^ipil^itionii-er^chtinuDgcii  in  Koliol'dalcr  L.(>suQ|cen 
und  feioer  ^^iispiMxsioiiL'Ei  herausalelitL-.  (BordtL  Bi'chhcihi,  Npiss^r  umi  Friede- 
imiDii,  BilU,  Lflndsteitier  und  Jaglc,  Hemi  und  MitarbeLter,  GeogouO" 
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this  dyeing  13  &  physical  or  chunaical  phenomenon,  but  Biinply  to 
determmc  whether  there  arc  anaJogics  In  the  mode  of  reaction 
between  the  paper  and  the  dye  on  the  one  hand,  and  antibody  and 
antigen  on  the  other. 

Our  knowlctlge  of  adaorption  owes  much  to  the  study  of  col- 
loids. Certain  authors,  indeeil,  who  agree  with  me  in  reeognizing 
the  great  importance  of  molecular  jtilhesion  in  serum  reaetions, 
have  beeome  acciLstoraed  to  say  th*t  the  union  of  the  antilxxjy 
with  the  antigen  represents  a  reaetion  between  two  colkiids.  It 
seems  to  me  a  little  rash  to  define  su  dearly  ami  I  should  pn^fpr  to 
speak  of  this  union  a>  an  ^uLsurption  pltenoinrnim-  Adsorption, 
indeed,  Ls  evident,  not  only  l.)etwwn  two  colloid.s  but  also  between  a 
colloid  or  suspeiMlttl  partii;lea  on  the  one  hand  and  a  substance  hi 
true  solution  on  the  other,  and  althougli  it  W  vt'ry  probable  tliat 
aolibodifti  are  really  colloids  we  rarniot  with  etTtainty  say  tui  much 
of  the  antigens.  It  may  be  remarked  in  respect  to  collnids  (hat  too 
mueh  importanee  has  fretiuently  been  attachtil  to  the  appeHmnce 
of  agglutination  as  an  indieation  of  the  formation  of  a  complex. 
The  agglutination  is  a  secondary  phenomenon  as  Neis^^er  and  Frieda 
maun,  Beehhold,  Blltz^  Henri  ami  Giranl  Mangin,  and  others  liave 
correctly  slated,  and  its  manifestation  doponds  in  large  measure  on 
certain  conditions  such  as  the  relative  proportions  of  iho  two  sub- 
stances concernal,  temperature,  presence  of  electrolyte,  etc.  The 
principal  an*!  easenlial  fact  is  the  afHnity  of  adhesion  produeal  by 
the  union,  but  such  a  union  may  give  rii^e  quite  arf  well  to  di'^exnina- 
tion,  that  is,  a  more  atable  and  perfect  condition  of  emulsion,  as  to 
the  formation  of  flecks ;  in  his  researches  on  atldorption  by  chemical 
precipitates,  Gcngou  has  inaistctl  on  tlua  fact  and  shown  that  slight 
phy.-?ical  modifications  of  Che  substances  Cfmccmed  without  any 
chemical  chnrif^e  may  give  ri^  to  dissemination  instead  of  clumping, 
or  the  reverse.     Porgcij  has  noted  similar  facts. 

Can  certain  characters,  auch  as  rcvereibility  or  the  rapidity  of 
reaction,  be  called  upon  to  prove  whether  the  mdon  of  two  sub- 
stances belongs  or  not  in  the  categoiy  of  atlsorption  phenomena? 
In  this  respect  we  should  note,  particularly,  that  the  aflinity  of 
adsorption  varies  greatly  in  different  cases  and  these  differences  of 
intensity  are  evident  by  the  more  or  less  rapid  uidcn  and  the  more 
or  less  stable  resulting  complex.     As  \  an  Benmielen  \mis  mentioned. 


618 


BTUDItS  IN  IMMUNITY. 


the  power  of  adsorption  varies  witli  each  adsorbing  substance  and 
each  adsorbed  subatance.  It  depemls,  certainly,  on  physical  quali- 
ties, but  also  on  the  chemical  nature  of  the  substances  concerned, 
anil  vi'oulil  appear  to  us  more  variable  stiO  if  we  could  measure  by 
delicate  methods  in  each  instance.  Certain  colors  act  onsubetances 
like  pa[}er  more  rapidly  than  nthcirs,  ami  the  sul  sequent  dec(»loratiou 
of  the  [Miper  hi  a  large  volume  of  water  is  sometimes  eaay  and  some- 
times  difficult.  In  the  ailsorption  of  albuminous  substAoees  by 
inorganic  coUoitls  all  degrees  of  reversibility  are  found.  In  serum 
reactions  a  similar  irri-gularily  oc<;ure-  Cerlairi  nntibodies  act  very 
rapidly  and  others  rerjuire  more  time  to  unite  with  their  antigens 
and  the  complexes  obtained  are  dissolval  with  very  unequal  Facility, 
As  is  p\'ident,  particularly  from  the  researches  of  Morgenroth,  that 
the  neutralizing  of  diphtheria  toxin  by  antitoxin  is  much  slower  ihan 
WE13  at  first  believed.  Certain  complexeSj  such  as  those  formed  by 
agglutinins  or  senBitizers  with  bacteria  or  corpuscles,  or  by  certain 
toxins  with  their  antitoKinsT  are,  if  not  eompjetelvj  at  least  dis- 
tinctly, reversible.  In  this  relation  I  may  recall  the  work  of  Hahn 
and  Tromsdorff,  Landsteiner,  Morgenrolh,  Muir,  Modaen^  Otto  and 
Sacha.  But  it  shoidd  be  noted  that^  in  general,  the  complexes  of 
antibody -antigen,  especially  when  they  have  been  atanding  for  some 
timCf  manifest  a  very  imperfect  reversibility,  distinctly  less  than 
Arrbenius  and  Madsen's  thesis  would  dcmantl.  In  the  aame  way, 
m  general,  adsorption  phenomena  give  rise  to  incompletely  reversible 
complexes.  As  we  know  the  study  of  the  neutralisation  of  tosina 
by  antitoxins  has  brought  out  the  fact,  particularly  owing  to  the 
important  researches  of  Ehrlich,  tliat  it  is  frequently  im[jossihle  to 
prepare  mixtures  which  are  exactly  neutral.  It  is  likewise  known, 
80  far  as  diphtheria  toxins  and  antitoxins  are  concerned,  that  Ehrlich 
expiaitis  this  fact  by  supposing  that  the  toxin  contains  in  reality 
several  poisons.  Tlie  same  phenontenun,  liowever,  occurs  in  in- 
stances where  there  is  no  reason  for  supposing  that  such  a  com* 
plexity  in  the  toxic  fluid  exists.  In  such  instances  there  is  a  priori 
no  reason  for  agreeing  with  ihe  thesis  of  Arrbenius  and  Madsec  in 
accordance  with  whi<:h  the  reaction  is  incomplete  and  leaves  a  cer- 
tain amount  of  the  toxin  free,  or  with  my  own  theory  in  accordance 
with  which  the  molecules  of  toxin  and  antitoxin  may  unite  in  vari- 
able proportions  according  to  the  respective  quantities  of  the  two 
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subetancee  in  tiie  mixture,  A  comparison  uith  a  process  of  dyeing 
is  very  apt;  the  molecules  of  the  toxin  would  "stain  "  more  or  less 
deeply  by  the  antitoxin  molecules^  and  the  complexes  tliat  result 
in  the  various  instances  are  lese  toxic  in  proportion  as  thoy  contain 
more  antitoxin  an<.i  less  toxin,  I  brought  out  this  point  of  view 
clearly  in  1903  and  discussed  all  the  details  of  it  eo  that  no  further 
inflietcnce  on  the  subject  is  necessary.  It  may  be  added  that  thia 
interpretation  has  met  with  the  support  of  various  writers,  among 
whom  may  be  mentioned  Grassbergcr  and  Sehattenfroh,  Billz  and 
Pfltili,  who  have  accepted  it  in  its  entirety. 

The  essential  point  of  difference  between  these  different  concep- 
tions evidently  lira  in  attributing  a  different  composition  to  the  nur- 
ture of  toxin  ftud  antitoxin  and  particularly  to  such  mixtures  aa 
contain  too  small  a  dose  of  the  antidote  to  bring  about  complete 
neutralisation.  In  order  to  simplify  it  we  may  choose  a  toxic  fluid 
which  contains  a  single  poison  and  add  to  it  a  relatively  ^mall 
amount  of  suitable  antitoxin.  In  such  a  case  arc  we  to  suppose 
that  the  mixture  includes  both  well  neutralized  toxin  and  an  excess 
of  a  free  and  intact  toxin,  or  are  we  rather  to  believe,  as  I  thought, 
that  the  antitoxin  is  shared  by  the  totality  of  the  toxin  present, 
but  saturates  it  only  partially  in  the  same  way  tliat  a  small 
amountof  dye  does  a  large  quantity  of  the  substance  tube  dyed,  by 
sprpatiingover  the  whole  of  it  and  stoning  it  faintly?  The  complex 
thus  obl^Aineil,  which  is  weak  in  antitoxin,  would  still  have  certain 
toxic  properties  and  would  act  like  toxon_ 

But  how,  it  may  be  objectetl,  can  we  determine  with  certainty 
whether  the  toxic  activity  of  such  a  niiitture  is  due  to  a  certain 
amount  of  intact  toxin  or  the  presence  of  a  partially  saturated  com- 
plex? Tt  is  here  that  we  must  distinguish  very  carefully  In  the 
effects  of  a  poison  between  quality  am.1  quantity,  I  may  recall 
the  observations  which  1  offered  in  1003  that  showed  that  a  hemoly- 
sin may  manifest  toxicity  in  two  different  ways;  when  employed 
in  a  small  dose  without  being  in  any  way  affected  by  an  antitoxin, 
it  hemolyzes  a  small  amount  of  corpuscles  rapidly,  but  owing  to 
the  fact  that  it  is  not  present  in  sufficient  quantities  it  caimot 
destroy  many  of  I  hem.  0;i  the  other  hand,  a  large  dose  of  the  same 
hemolysin  to  which  a  little  of  its  antitoxin  has  been  added  and 
which  has  been  traosfonoed  thereby,  according  to  my  idea,  into  an 
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incompletely  eaturated  complex,  can  hemolyze  a  large  amount  of 
corpuacies  but  produces  hemolysis  very  slowly,  even  if  a  very  amall 
amount  of  the  curpuBclca  is  u^kieU,  It  would  seem,  then,  as  if  such 
a  mixture  included  a  strong  dose  of  poison,  the  actmty  of  which  ia 
diatineUy  depressed  owing  to  Ihe  addition  of  a  little  antitoxin,  and 
the  ret^ult  of  the  experiment  ia  in  no  way  compatible  with  the  idea 
that  auch  a  mixture  contains,  in  addition  to  perfectly  neutralized 
hemolysin,  a  certain  esceas  of  perfectly  intact  hemolysin.  But 
there  ia  ajiother  way  of  proving  that  an  antigen  can  unite  with  the 
antibody  in  variable  proportions  and  so  form  complexes  of  varying 
constitution  in  acconiance  with  the  amounts  of  eacli  fiubatance 
present.  It  may  be  shown  that  such  complexes  do  not  react  in 
the  same  way  to  certain  agents  such  as  heat.  It  is  perfectly  evident 
from  the  observations  of  Eisenberg  and  Volk,  that  the  union  of  tha 
agglutinin  with  the  aggluttnable  substance  of  bacteria  takes  place 
in  variable  proportions.  Landsteiner  and  Jagic  have  confirmed  thia 
idea  by  showing  that  the  complexes  obtained,  which  differ  in  the 
relative  proportions  of  each  constituent,  show  different  resistance 
to  heal  *  The  brilliant  rraearches  of  Grajssberger  and  Schattenfroh 
on  the  toxin  of  j^yuipturiiatiu  anthrax,  are  ver)'  inslruciive  in  this 
connection.  When  we  mix  a  certain  dose  of  the  toxin,  dther  with 
little  or  with  much  antitoxin,  we  obtain  complexes  of  todn-anti- 
toxin,  which  vary,  as  ia  shown  by  their  varying  reaction  to  heat» 
It  is  to  be  noted  in  the  first  place  that  the  toxin  in  question  is  ther- 
molabile,  whereas  the  antitoxin  resists  heat  much  better.  The 
complexes  containing  a  large  amount  of  antitoxia  enjoy  the  prop- 
erties of  this  substance,  that  is  to  say,  they  resist  heat  much  belter 
than  do  complexes  which  are  weak  in  antitoxin;  these  latter  mix- 
tures are  decompo,'5oJ  at  a  given  temperature,  and  the  poison  is 
dcstroycfl  so  that  the  antitoxin  niay  be  recovered.  These  authors 
have  fmthcr  shown  themselves  partisana  of  the  idea  that  antitoxin 
unites  with  tordn  in  variable  proportions.  They  have  been  able  to 
fro%'e  that  their  potion  absorbs  much  more  antitoxin  than  io 
necessary  to  destroy  its  entire  toxicity  and  forma  a  stable  complex 

•  I  Doled  ia  I39Q  (Mode  of  aciioQ  of  preventive  sera),  thai  heating  toward 
50  de^ees  brings  about  q  real  dlbagglutinaLion  oF  the  t^ubtitJincM  wlitrh  Iiave  b««ii 
Bggltitical«d'  This  ie  clue  to  the  fact,  as  Lancieteiner  and  hie  eoUaboraton  have 
ehcwa.  iliat  Lbo  complex  i^  di-^oc  tated.  Wliat  is  more,  the  Nue  of  Uub  disaociation 
variea  ttith  the  nniount  of  agglutiain  pn^ij^nt. 
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with  iL  They  have  also  fotim)  that  dilution  reDilei?  neulraliKatioa 
muoh  rnnredifficidtand  that  different  mixtures  are  (ibtainixl  depend- 
ing on  whether  they  mix  the  toxin  and  the  antiUisin,  aftt'r  dilntiag 
them,  or  dilute  the  to xiU'-anti toxin  Tulxtiir*?.  This  fiii'i:  is  L'vi- 
dently  not  in  favor  of  the  Arrheniu^-Majlaeo  theory,  according  lt> 
which  the  same  state  of  equilibrium  should  exist  In  both  insttincea 
owing  to  reversibility,  and  the  same  fraction  of  the  toxin  of  necessity 
remiun  free. 

The  fact  which  lends  significanee  to  the  researches  of  Grassberger 
ami  Schatteafroh,  and  which  prevents  their  applying  Ehrlich's 
interpretation,  is  that  the  toxic  fluid  which  they  employ  contains 
in  reality  a  single  poison ;  thero  is  no  reason  for  aj^suming  the  exis- 
tence of  toxoids^  inasmuch  as  the  toxic  power  of  the  poifion  showa 
ilsclf  conetanlly  parallel  to  ila  neutralizing  power  for  antitoxin. 

Among  the  factfi  whi^^b  have  most  contributed  to  etrcngthen  the 
i<lea  of  a  union  in  variable  proportions  (an  idea  which  is  so  highly 
compatible  with  the  aiisorption  theor>')  and  which,  moreuvt-r,  have 
shown  that  the  complexes  obttuncd  frequenlly  manifest  only  a  very 
incomplete  rcvcrsibihtVf  there  sshouki  be  meniioneil  in  particular 
those  wliich  have  been  observed  by  employing  the  method  which  I 
vjscd  for  hemolyjnins  in  1000  and  which  may  be  called  "  the  method 
of  addition  of  the  antigen  to  the  antibody  in  single  or  in  divided 
dosee."  A  given  volume  of  hemolytic  serum  may  destroy  more 
or  leaa  corpuscles  in  accordance  with  their  intnxiuction  in  one  or 
several  doses  separatetl  by  suffirirnt  intervals.  As  we  know,  other 
authors  have  since  performed  similar  experiments  with  the  same 
results,  employing  antitoxin  and  toxin  in  place  of  hemolysin  and 
corpuscles  (Danysz,  von  Dungem,  and  Sachs)  or  using  bacteria  and 
agglutinins  (Craw).  It  seems  to  me  proper  in  this  connection  to 
mention  the  comparison  with  dyeing  phenomena,  ami  on  this 
point  I  agree  entirely  with  Craw.  If  a  large  piece  of  filter  paper 
is  placed  in  a  certain  volume  of  sufficiently  dilutal  dye  it  take*  a 
uniform  shade  of  intensity;  if,  on  the  other  handj  the  eame  sizeti 
piece  of  paper  is  cut  up  in  pieces  and  addc^l  in  fragmejit^,  the  first 
pieces  are  stained  deeply  and  the  last  find  no  color  left.  In  the 
same  way^  on  achling  toxin  to  antitoxin  in  divided  doses  the  last 
portions  of  the  poison  cannot  Ik?  neutralized  as  the  first  are  super- 
saturated with  antitoxin.     When  tlie  entire  mixture  is  made  at 
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once,  on  the  contmrj-,  the  antitoxin  is  spread  over  all  the  toxic 
moletMilo  antl  a  (complex  Ls  obtaiue*!  which  contains  an  even  pro- 
portion of  the  antidoto,  mu]  which,  coosequenlly,  is  not  aa  fsUU  as 
even  a  small  ilose  of  free  toxin. 

It  is  an  extraonlinary  thing  that,  an  far  as  precipitins  and  it?*  pre- 
cipit^tJe  antigens  are  eomsenied,  this  inteqjrelation  is  not  cOEilfstctl, 
even  [»y  sueh  writers  as  von  DnngL-ni,  who  are^  in  general,  (avanible 
to  Ehrlich's  ideas.  As  Halban  and  Landsteiiier,  Elsenberg,  von 
Duiigem,  and  MiiJler,  in  particiilarj  bavr."  seen,  if  we  mix  a  pro<^i|)- 
ilable  serum  "A"  with  its  appropriate  preeipitatiJigNenini  "B/'an 
excess  of  thu  precipitable  svibstance  bbiblLs  the  oeeurrenee  of  a 
preeipitate.  For  example,  it  is  founci  that  m  a  mixture  of  one 
volume  of  eenim  "A'*  with  one  volume  of  serum  "B,"  a  eloudiness 
appears,  but  a  mixture  composed  of  two  volumes  of  "A'"  and  one 
volume  of '*B/'  remains  translucent.  The  almost  obvious  explana- 
tion is  that  the  molecules  of  "A"  are  not  eusceplible  to  precipita- 
tion unless  they  have  fixe*l  a  *^ulliL'iont  numljcr  of  molecules  of 
"  B,"  Such,  however,  is  the  condition  in  the  first  mixture.  In  the 
second  mixture  the  molecules  of  "B"  are  than^.l  among  all  the 
molecules  of  "A"  whieh  arc  in  too  great  a  number  to  permit  their 
perfect  separation  and  conacqucnily  they  arc  not  precipitated. 
In  aecordancCj  then,  with  the  proportions  of  constituent  pi 
different  eompjexca  may  be  obtained  ^  and  this  fact  comes  oul 
quite  clearly  in  the  experiment  of  the  addition  in  a  single  or  ij 
divided  doses.  If  we  add  one  volume  of  ''B"  to  two  volumes 
"A."  the  mixture  rcmaina  limpicl,  even  after  a  considerabie  time.] 
If  J  on  the  other  hand,  wc  add  one  volume  of  '*B*'  to  one  volume 
"A,"  a  precipitate  immediately  appears.  When  the  precipitate 
completely  formed  we  may  add  another  volume  of  *'A"  eo  aa  to 
make  the  mixture  correspond  to  the  precculing  one.  The  precipi- 
tate does  not  disappear,  but  remains  indefinitely  intact  and  so  we 
have  obtainai  two  mixtures  composed  of  the  same  acra  in  the  saine 
proportions  but  presenting  entirely  diffen^nt  aspects. 

Does  not  thin  cxjx'riment  tiffer  most  satisfactory  analngie^  wit! 
the  one  on  coloring  filter  paper  wi(h  a  dye  to  which  T  have  juf 
referreil?    The  objection  may  Ije  raiswl  that,  although  true  as  f* 
as  prei'ipitins  are  eonccmecl,  it  may  not  be  a[ipUrable  to  anlitojdnsi; 
SucJi  an  objectioui  however,  would  be  to  deny  any  eharaeter 
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unity  in  the  laws  whit*li  g(.»vi?ni  the  ac(ioii  <»f  nnUbtxlfe;  it  woultl 
be  to  lUstribuie  tliL'iri  inui  lUvkions,  s<^|>arat<'< I  by  iiJ[|ias.«HblEr  bar- 
rierSf  anil  I  have  already  mentioned  in  speaking  of  Ehriieh  s  classifi- 
cation how  iiiaceepiable  such  a  system  is.  Cerlaln  antigens  are  toxic 
and  certain  others  have  a  greater  tendency  toward  precipitation 
than  others;  such  diFferent'oa  Ijetween  the  antigens,  however,  do 
not  prevent  us  from  supposing  tnai  their  aniibotLies  are  very  similar 
ami  that  their  aotion  is  gubject  to  the  same  interpretation  in  the 
various  instances, 

A  phenomenon  which  haa  justly  attracted  the  attention  of  cxperi- 
racntcrs  is  the  increasing  stability  of  complexes  of  antibody-antigen 
following  their  formation-  It  would  pccm  as  if  these  complexes, 
which  arc  easily  dissociable  in  the  beginning,  eubsequently  become 
consolidated  in  Home  manner  so  aa  to  resist  decomposing  influencca 
better.  Facta  of  this  sort  have  been  noted  by  Landstciner  an<l 
Jagic  with  agglutinins,  and  by  von  Dungeni.  Sachs,  and  Otto 
and  Sachs  with  the  antitoxins  of  certain  poiaon^  such  aa  the  toxin 
of  botulismus,  arachnolysin  and  the  like.  Facts  of  this  nature,  it 
scenis  to  me,  should  be  intciprctcd  in  acconiance  with  the  adsorp- 
tion theory.  As  Nemst  lias  noted,  certain  dyes  as  they  unite 
more  and  more  intimately  with  the  object  which  they  slain,  lose 
correspondingly  Ihcir  adhesiun  for  the  surrounding  flniij:  whrii 
they  have  become  fixeil  they  show  a  dist'mct  tendency  to  bcc()nie 
insoluble.  It  seems  that  we  may  treat  aa  an  analogy  the  fact 
tliat  various  albuminous  fluids  treatetl  by  such  agents  a,*^  alcohol 
give  precipilates  w^hich  reilissclve  easily  in  water  when  th(?y  have 
been  recently  Fonned,  but  become  more  and  more  insoluble  when 
kept.  The  ailhesion  which  unitea  the  albuminous  molccukTi  with 
one  another  and  givca  them  a  solid  &tate  becomes  prepon<lerating 
and  opposes  the  dissemination  which  the  contrary  effect,  the 
adhesion  for  water,  would  tend  to  prtxiuce.  The  consol illation  of 
complexes  of  antibixly  and  antigen  la  apparently  a  phenomenon 
of  the  same  class. 

The  i^uantities  of  antiboilies  which  antigens  can  fix  depending  on 
their  con  cen  I  radon,  have  been  determinal  particularly  with  agghili- 
nation  phenomena  by  the  iinporlB,nt  researches  of  Eisenberg  and 
Volk,  The  greater  the  concentration  of  the  antibody  the  more  the 
fixation  of  the  antigen,  but  the  quantity  fixed  does  not  increase  so 


524 


STUDIES   IN  IMMUNITY. 


raiJiJly  a^  tbe  concentration:  (he  antigen  loses  its  avidity  for  anti* 
bnly  in  proportion  to  the  aiuuuitt  of  it  tliat  lia5  bten  fixed.  This, 
ac<,tir<ling  to  general  opinions,  is  the  way  in  which  Bilsorption 
plieiKiiriHia  ai'l, 

ll  i:*  L-viilent  fmiii  an- examination  of  these  facts  that  tbe  presiding 
force  in  the  union  of  aiJtige[iB  with  their  antibodies  "is  the  same  as 
tlie  one  wfiidi  pnHluet's  Lhi*  reanl.ions  ihtil  liave  bt'i'-n  gr(ni}iiNl  under 
tiie  nafm*  nf  wlsorption  phi^nuniena.  But  isi  this  f[irct'  or  aJfiiiiry 
of  adsorplion  sufficie^ntly  elective  to  pt^rmit  one  to  attribute  to  it 
aloMu  t^vnuii  re»<MionH,  the  must  Hrriking  fhame  tens  tic  of  wliieli  is 
thtir  remarkublo  sixx-ifiiity?  It  htuK  become  more  and  more  certain 
that  adsorbirig  substanct^s  manifest  towan.l  adsorbable  sub^tauets 
which  are  mixed  with  them,  tendencies  of  attraction  of  very  unequal 
inten!=ity  ami  consequently  the  affinity  of  adsorption  is  similar  to 
a  true  uhemieal  affinity;  both^  in  other  wcrda,  are  elective.  In 
both  instanees  a  struggle  may  take  place  between  two  substances 
for  the  poi^eseion  of  a  thinh  In  the  same  way  fixation  of  one  sub- 
stance on  another  may  be  inhibited  by  a  monopoly  of  the  first  by  a 
thini  subslanec  which  llnisr  protects  tbe  second.  For  example,  the 
albuminous  substances  of  blotxi  protect  retl  blood  eclle  from  soi 
(Meyer),  or  even  against  the  hemolysin  of  c<.^l  serum  (Frouin); 
sotlium  eitralc  protects  cor(>u.'3ck'S  from  the  agglutinating  and 
hemolytic  efft^t  of  barium  sulphate  (Gcngou),  an<l  so  on.  The 
lecithin  which  is  prt^scnt  in  bo\'ine  serum  is  probably  united  ^ith 
another  subytunec,  without  doubt  of  an  albuminous  nature,  for  if  it 
were  not  so  agglutination  would  take  place  in  this  serum  itselfJ 
In  all  instances  a  real  struggle  occurs  between  adsorption  aSinitiea; 
similar  facts  have  also  been  founil  with  animal  charcoal.  Subst^ 
tutions  may  also  be  noteil.  Barium  sulphate  manifests  avidity  foi 
mucin  and  for  sodium  citrate.  ^\'hcn  mixe^l  with  lecithin  it  clumi 
in  large  masses,  and  on  abiding  stnliura  citrale  to  them  they  rapidly 
disr^olve  and  the  mucin  is  libcratci.1  (Gengou),  in  other  words,  the 
sulphate  prefers  citrate  to  the  mucin, 

Certain  substances  in  the  cjitegory  of  lipoids  which  may  be  ol 

■  As  we  knovjToyoBumilound  that  bovine  ecmtn  haa  the  power  <}f  ag(;lutiu1 
jagaQ  aiuucHjn  i-miil:^iuii  uf  Willi  m.     Slcee.Hijk.aniJ  I  Eiave  Found  iW  Lliis  la 
Irur-  pven  wiih  ao  ertmct  (hy  mcunfl  of  methyl  alcobol)  of  the  lecithin  From  drii 
boviae  serum. 
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taincd  as  Landatciner,  Pick  and  other  scientists  have  done  by 
extracting  corpuaclca  or  bacteria  in  colloidal  suspension,  are  inter- 
eating  from  the  slandix'int  of  the  selective  action  of  serum,  Sk-es- 
wijk  and  I  have  recently  studied  the  action  of  hen  serum  on  the 
lipoitls  extracted  from  red  blood  cells  by  methyl  alcohol  and 
subsequently  made  into  the  form  of  an  emulsion  in  salt  solution. 
We  found,  for  example,  that  ben  serunn  agglutinates  the  lipoids 
extracteii  from  rabbit  corpuscles  energetic  ally  j  but  has  yery  little 
effect  on  thtise  from  bovine  corfjuscles.  The  agglutination  of 
an  emulsion  of  lipoids  h  certainly  an  atlsoqithin  plienomenoo-  In 
this  ease  a^lsorptiun  affinity,  of  varyiTig  intensity  in  acconlance 
with  the  flubfitanei^  employed,  may  certainly  be  Btatetl  as  the  eaiise 
oF  the  flifferencea  observed  when  a  given  serum  is  mixed  with  differ- 
ent bacteria  or  corpuscles.  And,  moreover,  the  adhesion  pro|>ertie5 
are  a  function  not  only  depending  on  the  chemical  constitution  bat 
also  on  the  physical  state  of  the  substances.  It  Is  easily  conceivable, 
then,  that  the  aptitude  of  the  antigen  to  react  mth  the  antibody  may 
disappear  when  affected  by  slight  alterations  or  simple  physical 
nioilifjcatinns.  It  'is  easy  to  understand,  then,  why,  in  Obermeyer 
^iQli  Pick's  experiments^  the  serum  obtained  by  immunizing  animals 
against  certain  albuminous  subBtancc^  diffcrcil  from  the  serum 
obtained  by  immunizing  animals  against  the  same  substances  pre- 
viously hcat<yl.  In  bnef,  although  an  CKitlanation  of  the  specificity 
of  sera  is  not  yet  clearly  evident,  we  have  at  least  the  right  to  con- 
ceive of  it  as  harmonious  with  the  conception  of  adsorption  affinity 
as  the  essential  factor, 

*** 
This  important  problem  of  specificity  must  appeal  to  all  bacteri- 
ologists anil  I  have  recently  begun  to  stutly  it  i.xpcri  men  tally 
with  my  collaborator,  Slecswijk.  Inasmuch  as  our  researches  are 
not  quite  finishal,  1  may  content  myself  with  mentioning  certain 
facts.  The  problem  of  specificity  may,  obviously,  be  reganle<l  from 
two  different  aapeiita.  ^Vhen,  for  example,  we  study, an  anLilmcirnal 
aerumwewonder,ontheone  hand,  why  the  serum  is  Bj^ecifii:,a]wl  on 
the  other  hand,  why  the  organiam  allows  itself  to  be  s[*enficjilly 
afferteil.  In  other  wonis,  b<»th  the  antibody  anil  the  affectwl  ele- 
mecit  must  lie  cnnsidered.  t  caimot  deal  here  with  the  second  half 
of  the  question. 
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Wc  know  how  to  rccogaize  a  given  bacterium  by  means  of  a 
specific  gcrum.  But  is  the  character  which  this  organism  posacssea 
of  reacting  with  the  appropriate  serum  constantly  present?  Ma; 
it  not  disappear  when  the  organism  has  been  subjected  to  certain 
exigencies?  What.  F^^r  example,  is  the  effect  oi  change  in  culture 
medium?  As  early  as  1S96  Mctchnikoff  and  I  noted  that  the 
eholera  vibrio  as  n  result  of  certain  vieissitudea^  such  as  remaining 
with  Ipucocyttrp*,  eomes  to  resist  the  a gglul mating  effect  nf  cbJera 
SiTum  markt^lly,  and  siiiee  that  time  many  analogous  ia'slancea 
have  been  collected.  The  remarkable  work  of  Grassberger  dnd 
SchaUenfroh  on  symptomatic  anthrax  gives  most  interesting  infor- 
mation on  this  point.  These  authors  have  founti  that  a  serum  that 
Is  capable  of  agglutinating  the  organism  when  it  is  cultivated  in  a 
given  medium,  has  scarcely  any  agglutinating  effect  on  it  when 
grown  in  a  different  metlium. 

We  could  un<.iersta[nl  tiiis  fact  by  supposing  that  the  organism 
has,  on  account  of  certain  vital  reactions,  succeeded  in  resisting  the 
ePfeets  of  the  agglutinittj  although  it  has  kojjt  its  property  of  com- 
biaing  with  it;  in  other  words,  we  would  be  dealing  with  the  simple 
phenomenon  of  adaptation  to  a  hannful  effect  by  the  formation^O 
a  refractory  condition.  But  as  we  shall  see,  the  modification  is 
Btill  more  profound.  -\s  a  matter  of  fact,  owing  to  certain  con- 
ditions of  iife,  the  organism  may  completely  lose  the  antigenj 
which  combines  with  the  antibody  and  which  is  its  principal  char- 
acteristic. In  other  wonls,  the  distinctive  sign  in  scrum  diagnosis 
may  be  lost*  As  far  as  the  action  of  the  serum  is  conccrni-d,  the 
organism  thenceforth  acts  as  if  it  belongeii  to  a  diffcront  species, 
which  pro vefi  distinctly  that  specific  sera  (orat  leastthcag^utinins) 
do  not  act  primarily  on  those  substances  of  the  bacteria  which  arc 
essential  to  their  Ufe  and  characteristic  of  their  particular  specie 
but  on  certain  of  the  accessory  substances  of  the  organism  whici 
may  occur,  but  the  existence  of  which  is  in  no  way  part  of  the  fixcdl 
hereditary  character,  which  gives  the  living  organism  its  particulj 
appearance  and  autonomy. 

The  whix>ping-cough  baciDus  is  veiy  suitable  for  a  study  of  this! 
eort.     We  find   ihat  this  ni^nlsm  is  \ery  variable,  not  only  as 
regards  the  appearance  of  its  growth,  but,  more  important  still,  as 
regards  its  antigen,  in  accordance  with  the  conditions  under  which 


A   GENERAL  RESUME  OF  IMMUNITY. 


527 


it  hfis  been  gro^Ti,  It  develops  rcarlily  on  the  maiium  that  is  rich 
in  dcfibrinatcd  blood,  as  already  described  by  Gengou  and  myself 
in  our  first  article  on  whooping  cough.  It  may  be  taught  to  grow 
OQ  ordinary  agar,  in  which  instance  it  gives  a  thick  and  rather 
coherent  layer  The  two  varieties  of  organisms  obtaineti  in  this 
manner,  although  coming  from  a  single  original  colony,  give  rise,  on 
immunizing  animals,  to  two  different  sera-  We  may  consider  the 
serum  of  a  rabbit  that  has  been  immunized  ag^iiat  the  organism 
grown  on  onlinar^'  agar.  It  is  found  that  the  serum  agglutinates 
these  organisms  energetically,  but  lias  no  clumping  effect  mi  a  cul- 
ture of  whooijing-tiough  bacillus  on  the  other  medium  containing 
defibrinated  blocxl.  On  the  oilier  hand,  if  we  test  the  serum  of  a 
rabbit  that  has  been  imnmniiieil  against  the  organism  grown  nn 
bloat  media,  we  find  that  it  agglutinates  both  races  of  bacteria.  A 
raref  til  study  of  this  phenomena  bringsiout  the  fact  tliat  Lwo  definite 
agglulimiis  affecting  differenip  antigeiw  are  present  in  different  pro- 
portiona.  One  of  these  antigens,  which  in  pre^seut  in  large  amount 
in  the  organism  that  has  been  developed  on  blood,  is  not  to  be  found 
in  the  organisms  grown  on  agar.  To  demonstrate  this  antigen  we 
take  a  small  amount  of  the  serum  and  mix  it  with  an  excess  of  bac- 
teria grown  on  agar,  A  few  hours  later  we  eentrifugalize  and 
decant  the  supernatant  fluid;  wc  find  tliat  this  Huid  no  longer 
affects  the  eame  bacteria  but  has  retained  entirely  Ita  agglutinating 
effect  for  the  other  strain  cultivated  on  defibrinated  blood, 

Horeca  iromuaised  against  tiie  organism  grown  on  blood  *  furnish 
a  i^erum  with  an  extremely  marked  agglutinating  properly  for 
this  strain  of  organism,  hut  practically  no  active  agglutinin  for  the 
organism  grown  on  agar.  Tike  scnjm,  when  treated  with  even  a 
consirjcrable  amount  of  Iheae  latter  organisms,  even  after  prolonged 
contact,  is  found  to  have  lost  none  of  its  specific  effect  for  cultures 
grown  on  defibrinated  blood.  The  effect  on  tht«e  latter  cultuies, 
then,  i,^  due  to  an  antibody  which  does  not  find  a  suitable  antigen 
in  bacteria  of  the  same  speciea  grown  in  a  different  culture  medium. 

The  two  strains  that  we  have  consideretl  may  be  distinguished 

from  other  standpoints  on  which  I  shall  not  insist  for  the  moment, 

particularly  as  regards  their  sensitivity  to  the  antilxxlies  of  normal 

sera.     I  may  add,  however,  that  the  reaction  of  alexin  fixation 

*  Bone  blood  is  ueod  for  these  cultures. 
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does  not  per\'c  to  ciifFercntiate  tbcra  as  clearly  ae  agglutination 
docs.  This  fact  may  be  compared  with  the  observations  nf 
various  authors  in  accordance  with  which  the  reaction  of  fixation 
does  not  show  as  ^ trick  &  specificity  as  the  reaction  of  agglutiDation. 

In  so  far  aa  the  production  of  antigens  which  arc  aensitive  to 
agglutinating  antibodies  ia  concerned,  we  may  conclude  that  tJie 
culture  me<liurn  may  be  of  very  great  importance.  It  may  still 
further  be  shown  that  these  two  strains  cf  organisms  may  be  trans- 
formed into  one  another  verj^  rapidly  by  changing  the  culture 
medium.  Thus,  following  two  successive  generations  on  blood 
medium,  the  organism  that  has  been  previ[iusly  cultivated  on  agar 
recovers  the  faculty  of  producing  the  antigen  which  \s  character- 
istic of  blood  cultures  and  consefjuently  becomes  agglutinable  by 
theserumof  ahorse  that  liHwIxi^n  inimuniza]  against  such  cultures, 

1  cannot  gn  further  into  Ihesi^  researcheSi  the  JelaiLs  of  which 
would  extreeil  the  limits  of  ihh  sliortyummaryj  but  the  little  tliat  1 
have  said  sufiice.s  to  justify  ex i>erinien tally  the  opinion  which  is  also 
expressed  in  the  work  of  Gra^berger  and  SthatCenfrob,  that  cul- 
tures of  bacteria  developed  on  culture  media  which  differ  too  mucii 
from  the  body  fluids  (for  ejcample,  grown  on  bouillon  or  agar  steri- 
lized in  thG  autoclave) ,  are  not  suitable,  i)erhaps^  to  bo  employed  in 
immunizing  animals  for  the  production  of  therapeutic  sera.  It  is, 
periiaps,  possible  that  bacteria  grown  on  these  two  artificial  culture 
media  fail  to  form  all  the  antigens  which  ihey  produce  in  the  animal 
botly  during  infection  and  which  would  bo  affected  by  suitable 
antibodies. 

•♦» 

T  may  conclude  this  brief  T&um6  at  this  point.  Although  1  have 
discussed  in  some  detail  the  properties  of  eera,  1  have  not  taken  up 
at  all  the  e33cntiat  topic  of  phagocytosis.  The  importance  of  this 
phenomenon  in  the  defence  of  the  animal  body,  which  was  so 
much  combated  fifteen  years  ago,  has  no  need,  at  the  present  day, 
of  emphasis.  We  have  long  since  passed  the  time  when  the  exact 
observations  aufl  the  decisive  experiments  of  my  former  master 
and  present  friend,  Elie  Metchnikoff,  met  with  warm  but  often 
Ruperfieial  opposiLiun  fmm  those  scientists  who  were  loo  exclu- 
fdvely  preoccupiftl  by  the  antibacterial  properties  of  the  body  fluids. 
Many  facta  which  have  long  been  known,  but  the  significanoc  of 
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which  has  not  been  appreciated,  have  been  confirmei:!  ami  re-studied 
now  that  there  is  a  generalizing  acceptance  of  the  value  of  phagocytic 
defense.  And  this  is  particularly  the  case  with  the  numerous  facts 
which  we  owe  to  MetchnikofT.  Such  is  the  case  also  with  certain 
of  the  facts  that  have  been  mentioned  in  various  articles  of  this 
volume,  particularly  as  regar^ls  negative  chemiotaxis,  the  phenom- 
enon of  adaptation  which  bacteria  employ  to  protect  themselves 
against  phagocytosis,  and  the  visible  index  of  which  consists  in  the 
appearance  of  a  capsule,  the  manner  in  which  leucocytes  act  with 
certain  poisons,  toxins,  or  alkaloids  like  quinine,  and  the  like.  The 
fundamental  importance  of  phagocytosis  is  to-day  universally  ad- 
mitted and  is  moreover  eviilenced  by  the  large  number  of  articles 
which  tlcal  with  means  of  computing  the  intensity  of  this  phenom- 
enon in  normal,  infected,  or  immunized  animals. 
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^^H               Aclitm  ur  149,  Itil.  174.  IJS^. 

nggliUimnfi  10,  29(). 

^^^H           Ai^titrti  v(.  un  hff  pruprr   cijri>uBctcs, 

Anil -Alexin,  109,  449. 

^^^                173.  187.  103.  3G3. 

Action  i>U  Lia  a1i-Hm.  20:i,  204,  205, 

M                       Antitoxin  fur  (*fe  Anti-alexiu). 

216.  2C8,  GID. 

^^^^              CompAri^fn  uf  (luntbin'ing  and  tohic 

AnliUpmolvtiD    nnd    nDtibactericiilol 

^^^^                  pFDparlire  of,  340. 

cHoct  of^SOl,  216- 

^^^f           DcHtli  of  infection  not  due  la  Uok 

EfTpFl  of  boat  on,  IQO. 

^^^                   oIh  12&. 

Ehrllirh'Fi    jthptiGiTiPEian    in    mlslurea 

1                    EffEct,  of  [lefrntrlflcfttlari  fiii,  4^5- 

of,  aad  alexin,  26S.  271. 

1                       Ebrlicli'fl    plii^noriLi;]io[i    lu    uulun  uf, 

EiiLjilibriLiin  bvTWL<en,  jtiiLlaIexJti.274 

B                        irilb  nnti-AtrviTj.  209,  271 

frju-cifiri'v  wf,  2m>,  202,  215. 

B                       Evident^c  Tor  muLliplluily  of^  237,  2^^. 

Antl-AntlbudLrB,  230,  300  («?  AtitUcn- 

B                       JustiScLLticjti  of  tprm,  1S7- 

ml-irfrt:    Anfi-nggfttlining). 

B                       Mode  al  union  with  fnti-alnKLa,  2flS. 

Antlbavlcricldal    Effect,  ii»  uifJ^r  AnIJ- 

B                       PftifTcr'n  I'orippT"-''''^  ''^>  2l3, 

nfrjiin;    -AnfihrrTioii'T-ie    Sfmtrt:    An- 

B                    EtBci.ivfttujn    of    healeil    bptuid    by, 

titf/lic  Pri'prrtie$  of  Nonntii  Sentm. 

K                           l3Tp  I3S. 

AntllfxIIeK  — 

^^^             Eelation  of,  lu  upaonins.  aWO. 

Dawiflcnliou  uf,  BOl- 

^^^^             BcL^tlon  of.  tv  Kn^ilJzinjt  i^iib?tancE^, 

IXvlnlitjU  uf.    tLi    lUctfptorH.   200,   3C1, 

^^H                  179,  311.  2'2^,  234,  2^0.  ^34,  357, 

306.  407. 

^^H                 Saa,  369,  387,  403,  440,  fill. 

TttlulLon  of  DTigin  of,  to  (.huir  u?iioD, 

^^^B             Union  af.  wiEh  HDHitiiad  cfllLi,  109^ 

280. 

^^H                  261.  3^7.  3GA- 

ITnionnf,  vi1hitntigcn,4-lO.  501,&U6- 

^^H              Unity  nf.  in  n  giv^n  wrum,  140,  139, 

fil5,  523. 

^^H                  21  ],2ie, 219.^3%  230,382,405,  507. 

(f«     frcDflii/iiffl    5uft«£ance,"  /rn#ii«nE 

^^^'^              VariAliitiitt  in,  trvm  difTecxMiL  nuiiu&La, 

Bii'iics;  Scttifitinjifi  Stibetancp.  Pre- 

V                           173,  1S7,  loa,  333,  fi07- 

ci piling,'  Agglnliiiri»i  A  rib^c*--ptnra). 

^^^^         Alexin    Dtvlatlon  {"'jn.    .Vei'jnfT-H'fcftfl- 

AallchnlrrB  3ot-um  [a*  It/pv  0/  Baetert- 

^^^^                  brrg   I' tii^nontenoii;  Complement  Da- 

olytre  Srra). 

^^^^P                  vmiivtf  i  — 

Action  of,  OD  cholera  vibrio,  '^'1.  'Ji*, 

due  tn  Nrnidi  pivcipilBtf*^,  355,  358- 

44,  47,  tia,  173. 

1n  hpmoI.VBJJi.  290,  3!il. 

A  Efflut  ^  n  Ati  »□  of  vi  brios  by ,  05.97 , 1 03 . 

liidirrccL  (!xplji[ialii)iiA  uf,  353,  3M- 

Anulugiirs    bel,w?ea,    and   bi^molylic 

AJrilD  PlKAdon  — 

derA.  [JO. 

by  etniin  prccipjtatca,  340. 

Dingnosia  of  vibrioe  by,  60,  04. 

ou  jicnekti^d  cHld,  100,  219,  230^  234, 

EfffCt  of,  on  Ipiicwjytoii,  51  pt  *«j. 

244,  201,  363,  365,  308,  510. 

Effect  of,  an  cliPinialaxiB,  5'J,  SCI, 

AntngDninlip  Flforl  af  nurniAl  somm 

Kff'^rt  of  lipnr   ami  ronservAE ion  on, 

an.  351,  352,  30ft,  M12.  410,  5rM. 

47,  5S.  in,  65,  60.  60. 

ElTtut  of  dodluni  citralc  on.  404.  A12. 

FotiuiLliuu    uf    Hpi^dfic    prccipiTAlca 

tnliibiliun  *yl.  by  liriLini'nBilEer,  257, 

v.Uh,  145. 

rtdaliou  of  curniol  urnbucEpturB  to. 

Prcvcnlivi-  aubstflncc  in,  51  ct  acq. 

390. 

Bpecificity  ol,  04,  07, 

[j**o/w  Pixalian  RerKtion;  Moltcxdvr 

(tee  cho    V,  ehoirra:    P/iriffer'a    P/>r- 

Aiiheticvi). 

finm  pnrin                                                                ^^H 

Alutik  — 

AnllcarputtnlAr  Heram   {tyn.    Htmoiy-       ^^H 

A^jflullnAtion  or  bjiPlFiiit  by.  432. 

nn;  II rmttiylie  Serum:  Bnmoti/ttit]-         ^^H 

AmborFplor  {Ehrtich  nnd    MoTQcnroth 

AnUrens.  250,  523.                                                    ^H 

^^m                   ayii.fiirStitBHixing  S't^BlatiCfi ,  230, 

AcresAui)   nutuj-r  of,  526  tt  «cq,                    ^^H 

^^H                 233,  340,  303.  388,  4CS.  4^0.  510. 

Umvp  of,  >vit1i  nnlibodJfB,  440,  fiOl.        ^^^H 

^^^^r            NoTiAjtl,  n»  cavBC  of  non-GxulioU  df 

SOSh  516,  623.                                                     ^H 

W                       a]L'\m,  3D0- 

Ajillbi*FOiLtl«    Svrnm     <*ynr      J/cniiJyr«                 1 

1                   Amphfiplilli-ii  — 

A'crum,  ij.  F  )                                                        J 

1                        In  pHnlr^npnl  p<Tudilo,  33,  ■'i4. 

Anritoicic  propprtien  nf.  176. 1A6,  166.        ^^H 

1                     IriLporimtpp  of,  in  ptuLgocytnau,  lO- 

107  f4«al»  .4nfi;ie7>iori>3ic^fruni).       ^^H 
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AntlhenuHc  Scmm — CfiiUinaed. 

Effect  of,  on  blood  corpuaclcH,  147- 
FixatLoD  of  prapcrlies  of^  by  Hpecjfic 

red  blood  corpLiAdlu,  171. 
PrDpvrtiea  of,  166. 
Anilbemalytie  Serum,   2SJ    {tyn.    ArUi- 

hemotozic  Serum,  q.  v.). 
AnUb«motoi1cSvrum,  IS6,  197. 

Dual  aaturfl  of,  1^8,  281  (aee  Anti- 

Mentitiier;  Anti-altrin). 
.^ntihcmolytic    snd    aDtibacteripid*! 

nAttire  of,  201,  2Sl. 
{see    also    under     Hemotytxc    Serum; 

A/itihemaiic  Strum)- 
ADllbumaD  Sttuni,   Reactiona   of^  witb 

buman  prod vi eta.  256. 
Anlllyllc   Prop«rlleH  of  NormHl  Serum. 

ace  XoiTnal  Serum. 
AnikmJcroblBL  S«ra  — 

On  the  existence  of  ■eDHiiiEing  aut^ 

etancea  in  the  majority  of,  HIV. 
(tft    tdnt   Antichoiera    Serum;    Anti- 

ttrepiococcua    Sfrum ;    attit    under 

rach  ^dicro-arganiim'^ . 
AstlWDBltlrnvTB,  198. 

considered   as   solution   of   receptors, 

297- 
(o  Dornial  eenHitizera,  2S5. 
Actioa  of.  on  aensitizpr.  2H6, 2R7,  513. 
Conception  of,  by  l^brlich  apd  Uor- 

genroth.  301. 
Effect  of  aormal  aerum  on  action  of, 

288,  2D3. 
Effect    of    unfavorable     media    on 

action  of,  200, 
iDliJbition  of  alp^iin  fixation  by,  287. 
Preventive    and    curative    action    of, 

283. 
Properties  of,  380,  233- 
Vnitv    of,    active    against   aensitiien 

from  a  given  animal  specirar  ^0- 
Antlslreptocnccus  Serum  — 

.Agglutination  uf  Btreptococcibyt  118. 
Contribution  fo  Ihe  study  of,  104. 
Effect   of,    on    HtreptococcL    In    vitro, 

117. 
ElTcct  of,   on   atreptococcL   in  vivo, 

121,  131. 
Preventive  action  off  116- 
Relatioa  of,  to  delayed  phagocyCoaiJi, 

127. 
{set  also  Strtptococcut)  r 
Anil  loll  n  — 

Aeiion  of,  on  toxin,  204,  Z59t  295,  MS. 
Elkrlicb's    pbenumenon    with    toxin, 

misTure^j,  2G4. 
Nature  of  toxin,  union,  2G0etBeq.. 267. 
Origin  of,  from  toxin  (Bvicbner),  61. 
Union  of,  with  toxon,  267. 
{tee      t^so       Diphtheria       Antitoxin ; 

Toxiru}. 


AuEUuberculoua   S«iullliers,  we  under 

BacUiut  Tvherc^osia. 
Aqqeoui  Humor  — 

in  vaccinated  animAlo.  73. 

Absence  of  preventive  aubatance  in, 

73,  2Sfl. 
Anthrax  baciHus  in,  7,  20. 
Bactericidal  properly  of,  26,  29,  71- 
Apeola  — 

formed  about  rvsietant  streptococci, 

106,  109. 
Relation  of,  to  negative  chemiotaxis, 

113. 
Relation  of,  to  virulence,  113- 
AtteaualloD  of  Bacteria,  3. 
Avian  Dlphlberta,  403. 
Bacteriology  of,  492-  493. 
Pathogeneais  of,  404, 
Rclalioo    of,    to    human    diphtheria, 
492. 
Avian  Tubcnruloslst  tee  Baeiiiut  Tuber- 

Baclllqs  Anibndi  — 

In  the  ui|ueouA  humor,  7.  20. 

Anti^rum  for,  221, 

ElTect  of  heated  rat  serum  on,  181. 

Effect  of  rabbit  serum  on,  2G. 

Opsonins  for,  391  et  acq. 

Fbagocytosjs  of,  35,  36. 

Phagocj-tosiB  of,  ia  relation  to  opso- 
nlna,  39C. 

8enaitiEer9  for,  tn  antiserum  to,  221. 
BaclllUB  Coil- 
Agglutination  of,  01, 

Phagocytoais  of^  35. 
BaclllUB  of  Danysi,  Pliagocytosia  of,  35- 
BacllluB  DLpblhcriiB,  10, 

Phagoeytosifl  of,  35. 
BaellluB  of  Hoff  Cholen  — 

Antiserum  against,  b2. 

Pbagocytoaia  of,  35- 
BbcIIIub  InflueDiie  — 

Etiological   relation  of,  to   whooping 
couirh,  47A. 

Reactions  of,  with  sera  of  wliooping- 
cuiiRh  |>nlifntB,  4S0. 
Bacillus  >lusculdpfl,  Phagocytosia  of,  36- 
Baclllui  PeBtls,  Sensitizers  for.  iu  anti- 
serum to,  219. 
Baclllufl  ProleuB  — 

FhagocytOBis  of.  14,  36. 

Pteider's  phenomenon  with,  224. 

Scnaitifiera  for,  in  antiserum  lo,  223. 
BaclllUB   PraeyaneUBf   Phagncytoaia    of, 

37. 
BaellLqiol9iTlne  PlBi:ae,  SeDsitiiera  for, 

in  antiderum  to,  221. 
Bacllluft  TypbogUB  — 

Agglutination  of,  01,  ISI,  600. 

DiagnoaiH,  of,  95- 


^^^G38^^^^^^^^D^^? 

BUBJECTS^^^^^^^^^^^^^^B 

1                 Bnelllug  Tfphnsas  ^ConUnunI. 

BBrlrrlcldal  ProperElc-t — C/trtlirwuad.             ^^^H 

^^^               Upaoniu  for^  3'J3, 

uE  piLAg'jcylPj,  '2i,  33t  36.                              ^^^H 

^^^H            P]ini;i>cy[OEifl  of.  33- 

oF  plaamH,  27. 

^^^P            Si-npiiilzj>rft  Tor.  in  HDtiflcniia  to,  321- 

of  Herum  a^   due   to   cooptratLon  of 

V                BaHMus  rt^tanl,  10. 

Lwo  aubsldUL^ea.  SO.  lUO,   13i3. 

1                         \gt;lu[lnmJu£i  Ot.  dl.  92,  99, 

Abeenci?  uf.  iu  iDmliujil  LisLeuiLnle, 

1                 BirLIJus  TulieTculuBta  — 

74. 

1                        At^tiDD  of  variuua  JUBiameliDn   lypca 

CoinpatifioQ  df  p(itr?n?y  nf.  of  noriuikl 

^^^_                    o(,  in  produciiig  aontili^fyrs,  161- 

and   imniuaD   serE,   45,  60,   7S.  7&, 

^^^^k              Re  I  all  an    betwc'pu    lypt'S    uf,    afl    re- 

177,  201, 

^^^P                  gardH  iicnRlliju>r»i,  4^7. 

BOmt  ai  heat  on,  fl7.  7Z. 

^^^                Spfiiiliwrn  Ur,  iH'i.  4<I».  467. 

Effect  of  infi!clions  on,  ST.  72. 

1                    BuFlLluji  VrrmLmtbilJ  — 

EfToct  iif  injections  uf  nurjutkl  aerum 

1                         FljiuucvLUMifl  vi.  3G- 

nr  boiiiltnn  on,  31.  32,  GT,  97, 

1                 BUFlllua  vt  W]iDoplnK-ti>Ultb    (Bvrdct- 

Mclbod  oT  detprniiniDg,  of  a  flidd,  20, 

^^H                     l7r'<tf^i>),  473.  «aS,  488. 

Nciti-sp*-»eifii'ity   of,   in   immubc   wra, 

^^^^H             ABliir>n    cjr    asliflcruia    t<j,    483,    4S5. 

42,  46,  SO,  6»l. 

^^H 

{fcB      1^'^       Jfaf^fn'Ftrfaf      Snbalanct; 

^^H             Anligensof.  S^e. 

^H 

^^^H             CoEtLitnnson    ar,    with    H.    influpJifip. 

BBcr«Tlc-lBl  ^ubatKQOPt  (n/f*odv;lMidf )—      ^^H 

^^H 

Abat-nt-e  uf.  in  ednniB  fluid,  71,  72,             ^^B 

^^H            CuHurpJ  Gbam;»Tiflan  of,  4TS.  432, 

AbsFuci;  uf,  in  i^jtiTHtiiml  Lrtiududale,                 1 

^^H 

73                                                                        1 

^^H             Eiidi3tt>?<iii  oF,  4S7.  486,  490. 

LoualizurJon  ot.  durint;  life,  82,                             1 

^^H             iHtlntian  d(.  474,  477,  i^'2. 

Origin  of,   of  BPnim,   24,  30,   33,  41,        ^^m 

^^M             Uorphology  of.  474.  47S,  484. 

m.  84,  go.                                           ^H 

^^^1              PatKAscniriry  n(.  47K,  4Hli 

Unify   of,    \u    nnrmHl    mod   imrauiui      ^^^| 

^^^H            Reni^l.iniiH  aS.  with  ura  af  whaoplng- 

evta,  45.  Of).  75,  78,  201.                         ^H 

^^^H                  tuugli  [iHlL^Qta.  479.  48-, 

[ace    al*a    Bacttncidal     PrirpniicB;       ^^^B 

^^^              3(aiQ  for.  478, 

Ahi(ti).                                                             ^^M 

H                    DacIerLa  — - 

OafivTiii\ss\tt  ape  Pffiff<r'»  PhpntfnKnon.                 J 

^^^^                Action  of   pr?vvatlve  substanac   on, 

OatUrluljllc  Eipi-rliurnI»iCauBecf error           ^J 

^^^ 

^M 

^^^H              AcJnptBEian    o1,    in    iiumiimii^d    ani- 

[i£e  alsi>  P/riffa-'i  Phtporafnitrt'f-                ^^^B 

^^^B 

tlBrt^rlnlmplTiii,  ntfn    OpioninM.                         ^^^B 

^^^K              Ae&LiLiiriiTii^n  f>t,  05,  S8,  0C>.  134. 

Btniitm  Siilfihalp  —                                                 ^^H 

^^^H                  {see  alio  untlfTixichinicnt-'irifitniam). 

AgglLilinntioD  and  liemolysls  of  blood 

^^^H            A^luliantiou  uf,  by  frlum,  432. 

by.  313.  315. 

^^^H              As^tullaiDa            140. 

CamplcTtcaof,  nitb  coll o ids,  420,  i2l. 

^^^H            Arl.iQcial  re&istaixce  of.  Id  oggLutiofr' 

500 

^^H 

CompkHeB  ofn    wilb   Budium   cUrste, 

^^^H              Al.Wnti&Iion  ol.  3. 

i2^ 

^^^H            Gh'^mtoLAitiA  by,  3.  4.  H. 

Dituciniiiftrina  of,  by  fiodiLiu  citrAle, 

^^^H            Dlfcl^noala  uf.  by  atti^LuLmutiua.  9S, 

424. 

^^^H             li^tTL-jiBC  lu  iinlhu^eijitily  uf)  2,  6. 

DiBBotlaliuft    cffecL    of    CDlluida    on, 

^^^^                Ufldilicril  tulturea  of,  '2  cl  acq. 

4ia,  410,                                                             ^ 

F                        &i^t[>?iioD  of,  bv  phagocytes.  0,  16- 

BordeE'b  Thrvry  oF  Immunity.  208,  216,       ^^| 

^^^^           Bnctcrirldal  tmniUnKr,  48. 

412,  40B  tl  |ieq.                                               ^^B 

^^^^b               Hankin'?  T  htury  of,  24. 

ltordpE*A  Tbt^orr  ft  Adaludnullon,   143,         ^^B 

^^^P               D^ny^'  Itinnry  til.  25. 

■ 

^^^          Bacttricldiil  rropeiilpB  {of  body  Jiuida). 

iiordrE'4     Thefir?    ot     Toila*AarUfii.La 

1                          IT  vt  wt|.,  20. 

I'liJun,  20a,  43Vt,  ;fi9. 

^^^1             ID  iminuuc  stmra.  42,  46^  £0*  08,  70. 

Dody  Fluids  — 

^^^B             la  normal  Acruoi,  Sll,  4&,  49^  6S,  SQ. 

Darli^rt^idik]  Tlit^ry  of,  17  vl  ecq- 

^^H                  TO,  75,  7S,  301. 

(*yn,  i/'tiiiDml  Tfitury  tif  lfrtm\imi^). 

^^^H             4n  rtlntknn   U*   Ihff  nuiDltrr  of   Ivuro- 

BoullInQ  — 

^^H                  esiat.  24.  ;)0,  ^(2,  M. 

KfTtct  of  iajPDLloni  of,  on  hactpri'- 

^^^H            In  ecrum  compared  willi  perkoDoiLl 

cidflL  pmpvny  oi  bJuod.  31,  32,  07.      ^^H 

^^^H                Fiudkle  and  nUh  pluamn,  ZL  Z7, 

^H 

^^^H             af  aquCLiun  buiiiLir,  20^  39,  71. 

Eflflcl  of  tDJtcIioDi  of.  oa  alrcplo-      ^^H 

^^H             of  cduuifr  fluid,  S7,  30,  31,  71. 

CDCcua  infection.  t07^  112,  123.            ^^H 
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Bovln«  Strain  — 

Hemolysia  of  Euin«ft-pig  blood  by, 

353  fit  aeq.,  443  et  Kq, 
HemagglutmBtioQ  by,  370. 
CDDglutioia  of,  aee  Ccnglutinin, 

CiLlcluin  ChlDrld#,Aiita^niaia  to  action 

of,  by  sodium  citrate,  425,  434. 
Calcium  Fluor1d«  — 

Action  of   Bodium    citrate    on,    427 1 

432. 

Agglutination   and   bemolysia  of  red 

blood  DorpuHdcB  by.  313,  315,  432, 

Flocculation  of,  by  electroLytes,  315, 

Chemical  PrcGl|dta|*B,  «c  under  Predp' 

Chemlotaxla  — 

by  bai:teria  Ln  vivo,  3,  4,  11. 

by  bacterial  products,  52. 

by  preventive  serum,  52,  SO. 

Effect  of   antichaLera  aerum   on,   A2, 

80. 
Effect  of,  on  phagocytoBts,  II  et  seq- 
Negative,  4,  5,  II  et  scq^,  13. 
Kegative,    by    streptocoeci,    13,    15, 

106,  112,  113. 
Relation  of  negative,  by  etrcptoco^ 
CU8  to  an  areola,  113. 
Cbloroform,  Effcdt  of,  on  phagocytous, 

23. 
Cholera  TIbrlo,  1^0  Vibriv  CHoiera^ 
Cholera  Infection,  43. 
in  rodents,  74. 
Course  of,  48. 
Phagocytosia  in,  S,  10,  24. 
{ate  al*o  under  Vibrio  Cholera)^ 
Clay,  Agglutiaation  of  aUHpenaioiifl   of, 

153. 
Coagulln,  154,  ayn.  Preexpitin. 
CnaBUlallDn  — 

AH   a   phenomenon   of   molecular   ad- 
hesion, 153. 
compared  .witb   agglutination,    153, 
157.  103,  182,506. 
CollaldB  — 

Action  of,  compared  with   hemoLy- 

ama,  404,  517. 
Complexes  of,  n-Lth  barium  sulphatQ, 

420,  421 ,  600, 
Definition  of,  414. 

Dissociating  effect  of  verum  due  to, 

324. 
DiaaociatioD  of  hub  pensions  with,  419. 
Flocculation  of,  by  eiectrolytea,  313, 

421.  422, 

Protection  of  unstable,  by  stable,  330. 
Suspension   of   chemical   precipitates 

by,  3W. 
CoUoldal    Subatance  of  Bavlbe  Semm 

{Bordet   and  Gay),    syn.    Congtu- 

Jinin. 


Colon  Bacillus,  see  Batiliut  Coli. 
Complement,  ayn.  {Ehrlich  and  MorffeU' 

roth)  for  Atexin,  233,  299,  363, 
Suitable.  367,  3&g. 
(ttt   also    tindrr    Efirlieh't    The&ry   of 

ImmanUy). 
Gomptemenlolds  {^ArficA  and  Aforgtn- 

roth),  402. 
On  the  existence  of,  333*  340,  512. 
-    Gay's  interpretation  of,  341,  346. 
Nature  of,  according  to  Ehrlich,  340. 
(ttt   ataa   under    Ehrlieh't    Theory   of 

Immunity). 
ConglutlnaElan,  447. 

as   a   phenomenon  of   molecular  ad- 
hesion, 376,  379, 
Examples  of,  45B. 
Necessity  of  fieuBitiser  and  alexin  in, 

370,  374  et  s«q. 
Relation  of,  to  increased  hemolysis, 

456. 
CoDElullnIn  ot  Bovine  Serumt  370,  387, 

440,  444,  612  {Bordet  and  Streng), 

s^n,  Colloidai  SubMtanct  of  Bordtt 

and  Gay. 
compared  with  agglutinin,  448. 
EfTect  of,  on  goat  corpUAcles,  467. 
Effect  of,  on  seusitiied  and   alexin- 

iied  red  blood  cells,  373  et  Beq.,  444, 
Effect  of  dialysis  on,  460. 
Mode  of  action  of,  466. 
Potency  of,  3S1,  450- 
Proofs  of  accuracy  of  conception  of, 

380  et  seq.,  447  et  aeq. 
Cullure  Media  — 

for  bacillus  of  whooping-cough,  474. 
for  streptococGUB.  104- 
(jfB  uTtdrr  Agar;   (rf^oliiu). 
Cftoljtlc  Sera  — 
Theories  of,  186. 
Mode  of  action  of,  228. 

E>eny8'  Theory  ol  Immunllyf  26. 

DlneuF^s  Theory  oF  AKvlullnallon.  147. 

Dlpblherla  Anllloxln,  Effect  of,  On  leu- 
cocytes, 10,  37,  77. 

Dliihlheria  Bacillus,  tee   BaciJIut    Diph- 
theria- 

Diphtheria  of    Fowls,  »ee   Avion    Dipk- 
theria. 

Diphtheria  Toiib,  effect  of,  on  phagocy- 
tosis, 37- 

DisKiciallon  — ■ 

of  agglutination  cauaed  by  chemiaaJ 
precipitates  by  serum,  313,  318, 
322,  324, 
of  suspenBLons  with  colloidi,  410. 

Dissolution    of    Bed    Bloitd    CorpuaelAflt 
134,  lB6t  (tt€  Htmolyeia). 

Dof  Bed  BlMd  Corpaaclaa,  FrapUty  of, 
179. 
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Dub  flurnm  — 

FIvttlna  Rfw:Ooa—Ctntvitted.                             ^^ 

Antisfrum    to,    24»,    S40,    2fil,    25S, 

Appticatikljiy   tjt,    to    diagnosiD,    407 

25%. 

462.  404,  4G7,  470,  4Se.   50S, 

.      ^'  Cumplementotiif  "  m,  340. 

ComppHBon    of.    with    agglutmatian 

EFoct  of  hpnt  nn,  34U.  3Ah. 

4S6. 

Nnrmal  hprnAgE'il'ii^i"^  ^^-  1^^- 

Comparl-^in   of,    wi'h    praelpitatioa 

Kormal  herncjlysius  ia,  ITSh  340. 

240,  252,  255.  256, 

Pn:i:1(iiliN  ftir.  249, 

CritiiriHED   of  di.'dufrtiua   dr^wa  frooi. 

DytlDE  Phfaam<-nR,   Fixftt'iJa  of   flf^nai' 

245,  40S, 

(ijiiig  BubaTnncDB  regarded  ab,  LOl, 

DcmonetrMiDn  of  AciieitiiSDrd  by,  218, 

^^L               31A,  230,  262. 

245,  250,  1143,  4ti7.                                    ^H 

^^^P 

Spf^pihtily  of,  T2'2.  253.                                     ^^H 

Edtna  — 

Teplmin  of,  2IV»,  247,  OH  el  ft^q.^  409. 

ic  vaccinatrd  aalniaLfi.  73. 

(are  aivj  tuida-  Alrcin  Fizatian), 

Ab»iL'ai.''e  oi  hutlerividai  subBLaacc  in, 

FlorrululJou     of    Culloldal     Cumplcm, 

2T,  29,  31,71,72, 

313.  421.  422. 

Means  uf  producmg,  27  <  2S, 

Frug  Strum,  a.i  alcxja  and  opaanin,  391 

7:i. 

EpI  Si-rnm,  Hemolysia  by,  437. 

et  «or[. 

GHaHn,  roniparefi  vH.h  Hgnr  aa  tfiiKiirfl 

E2K  Albuniln  — 

aii'illiiiu  tor  vihriuf,  23.  29. 

AiJtiAtniiu  tii.  243. 

GHs,-l14  ft  n.<<i 

PreFifii[Lii5  fur,  24S^ 

GiHil   ilvd    nUiud    CorpUHCtEB,   Effect  of 

8cariiliECi3  Id,  in  autlacroid  tO|  24S, 

ClrLlglut^JlLU  Oil,  4Ji7.                                                 ^_ 

254, 

Goat  ^Frutn>  HomogBlutitiBtiOB  by,  93,          ^^| 

EhrLlrKV    PbDnoiaenon    {of    MAtiion    hJ 

^H 

/firin  urifA  on'if'^xtrr),  3fi4. 

Gnibpi^B  Dlu^Dfil»  by  A i^liiiE nation,  96,                   ^ 

in  union  of  ftlexin  wllli  anii-sJi^Kia, 

Gruhpr'a   Thcmy  '>f    AffRtuclquiloE.  01.                   J 

20S.  271. 

^^^ 

Shrllrli'H    Tliirurr    uf    InimuDllyi    294, 

GulnPii-plK  i^ruin  —                                        ^^^| 

20G.  305h  3Ga,  352,  36^,  2£S,  410, 

A^liuD  uf,  ou  Ui^lcria,  90,                               ^^^B 

442,  4&D.  4Q7,  523. 

AclioD  of,  on  Alien  blood  oorpusclcs,                 | 

^^              (j«   aUu   under    AmboetpTori;     Cftn- 

17S,                                                                ^J 

^^^L                 piamtftiM;    Camplementoida;    Reetp' 

Nufmnl  hetD(ily«iiiA  ib,  170.                        ^^^| 

^^f                 MPf.) 

Potpoey  of  alovio  in,  1^8,                                ^^^| 

KlfflrraJytM  — 

EfTi-L't    uf.   Ob    amluliaatloD   of   red 

HaDliJD't  Theory  a!  ImmunKj,  24, 

blLimd  orpuaclta  by  chemical  pro- 

tlpjiia4ex1itlkn4llua  {  Aiitil-ixtiniitiott  of  red 

cifpilalcd,  314  PI  B4.v|.,  ;i2]. 

biomi  ccUe).  Go. 

ncicculfltioti  of  CDlloiJi  hy,  313,  421, 

by  rhomicfti  proripiiaicA,  312,  431- 

V2-2. 

by  prttduBtfl  of  choLoni  vibrio,  02. 

iCndolh^lnm,  FunctiaD  of»  !□  PfeiCfPr'a 

EfTi-cl  of  i^lui^r.rolyt?a  on,  by  okircniCKL 

pliL-iLDinenan,  37- 

pTenpita(t>A,  314,  321. 

Endolciilfi  — 

Effect  of.  OD  morpLola^y  of  red  blood 

ui  \iUfntpian-ca\itt,\i  ImciIIup.  4&B* 

ce\U.  93, 

PftHiOKCHJcity     of     wtiCDpmg'CDUgli, 

(ifc  ilrrmitjQlutininii;  Ovngt*Uinalian) . 

4sn. 

Ilemngj^ludulitat  370,                                                ^^ 

PrL-pLii-Blina  of.  4£S,  4&0. 

AniGciul.  137,                                                         ^^H 

Ko«lii»ni<1IP4,  10- 

Effect  of  dilutioti  on,  174-                                ^^H 

Qrigin  af  bAi-.uriddal  Buhnwire  \a, 

Eff»1  of  lipfkf  on.  136,  138.                              ^^H 

2*. 

Normal,    f^o,    92,     l^fi.     17S,    370;         ^H 

FljiUdiitCi  *tr  PcritostctU  Bxadate. 

ihemivjijSiitJjtijiK  of  jiiirmal  KKnim).           ^^H 

FiuhIvo  iriknafi-t  uf.  IG'4.                                ^^H 

FLbrlnDK^u  — 

IttldtU'u    uf   iiurEii^L.    Lo   hDruulyiiod.          ^^H 

AntJKrum  to.  24D.  250. 

^H 

Prppiiuiiiifl  for,  QL5. 

(teff     Agglutinin*;     -inli-affgtutinina;         ^^^M 

Sffnsitvr^n  in  BDiiaamm  la,  240,  25-5- 

Mpi'iaQfflvlinalvtn}.                                         ^^^H 

FlX4(laii  lC»HctEDn  (Z^ort/rr-Ufnf/ctif),  ayn. 

^^^L                 headion  vf  air.xiti  Jiralutn^  1)49. 243, 

hfintilic  ,Smn'i  ^  AnticarfftiKular  fie-        ^^^M 

^^H 

rum;   Hfrwtosin-                                       ^^^M 

^^^K          with  lactoseruoj.  251,  253. 

cump&reiJ  xvJUi  CDlloiJa.  404.  617.                ^^^M 
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HciDolf  llDi  —  Ctmiinvtd, 

Activityof,du?to  twoeubBtaacPd,l84, 
Analogy   of,  with    bot^tericidA]   aut^ 

Htance,  MO,  167,  177. 
BfTpct  of  heat  on,  13S. 
Modi>  of  unioD  of,  vitb  celU  43Q. 
Normal,  179,  237,  340,  3G7. 
Rcaotivation  of  artificial,  by  mormal 

urum,  133, 
Specificity  ot,  139,  171. 
Toxicity  of,  130. 

(ape  Hemolytii,  HemolyticSenim,ttc.'). 
Hemolrali.  134,  165,  ise,  333. 
by  chemical  precipitates.  313. 
by    Qormai    Krom,    13CL;   (s«    under 

Uemolifrina). 
by  specific  KTum  in  vivo,  139. 
by  veDom,  367,  433,  613. 
Alexin  deviation  m.  299,  3ft7. 
Effect  of  beat  on,  109- 
lahibitioQ    of,    by    sodium    oitrata, 

404,  433, 
ReLation  of  eongludoatlon  to,  456. 
Effect  of  aalt  aolution  in  experiments 

in,  200,  301,  335,  341,  383,  300, 

451,  453,  436. 
Hemalyllc  9erura  — 
and  lis  antitoxJDB,  JSQ- 
produced  by  injectiDg  itromata,  104. 
Antitoxin    to,    197;  (a»    Antihetw^ 

iytic  Smmt). 
Data  concerning,  229. 
PrecipiUnH  in,  148. 
Reactivation  of,  by  normal  ecnim, 

138. 
Toxicity  of,  197, 

Union  of,  with  corpuncles  in  vary- 
ing proportions,  104,  260,  521, 
(m    also     Hemolytin;      Antihejnatio 

terurn). 
Remalaxln,  0j/n,   Hrmdytxc  Mcrum,   Ht- 

itfilysin . 
Hemoiensillier  or  Hrmoaentitiiing  Sub- 

ifance;   {aa  undtr  Senntiring  ««fr- 

Btance  for  blood  corpuaeltt^. 
Hen  S#nim  — 

Hemagglutinins  in,  136,  178. 
Heraolysina  in,  179, 
Hog   Cholerm   Baclllusi  n«  under   Bo- 

ciUut  of. 
Hi>n«  S*nim  — 

Hemafcglutinins  id,  92,  178,  370. 
Agglutin^lioa  of  bacteria  by,  06,  QO, 

100. 
Alexin  of.  367,  36S.  371,  379.  444. 
Relation  of  opsonin  to  alexin  in.  392. 
Ben  ait  I  ler  in,  372,  379,  444. 

Immune  Bodies,  'yn-  Sen^Hting  Sub' 
ttanctB' 
Single  nature  of  hemolytic,  333* 


Immune  8«nimt  *yn-  PreverUiw  Serum. 

q.v. 
compared    with    normal    serum ,    45, 

69.76,  78,  177,  201. 
Action  of,  due   to   two    subatances. 

40,  89- 
Agglutinins  of  normal  and,  290. 
Bactericidal  substance  in,  42,  46.  50, 

68,  70, 
Effect  of  heat  on,  46,  59,  66,  69. 
Inhibition  to  a^luljnation  bv  excns 

of,  485. 
Opsonina  of,  390. 
Specificity  of,  625. 
Immunity  — 

Active,  75,  103. 

Bactericidal,  48. 

MechanUm  of,  75. 

Pasmvo,  79,  99,  101,  102.  303,  804. 

Relation  of  agglutination  to^  90,  102. 

Relation  of  leucocytes  to,  O. 

Theories  of,  la,  24,  25,  206,  208,  212, 

:>80,  294,  303,  306. 
(«tf    alao    under   EhHich't   Thtory  of 

Immunity  and   Sordet'i   Theory  of 

Immunity). 
Immunised    Aqtmsls,   Adaptal^lity   of 

bacterial  cultures  in  the  body  of,  1. 
Infectious  — 

Death  of,  not  due  to  lack  of  alexm, 

226. 
Effect  of,  on  baeterloidal  properties 

of  aerum,  07,  72. 
Mixed,  due  to  phagocytic  selection, 

10. 
(«e   Cholera   ln/ecti'?n;    Strtptococcua 

Infection) - 
IntcsUnal  Traniudatet  Absence  of  bao- 

taricidal  substance  in,  73. 

Lactle  Acid,  Effect  of,  on  phagocytosis. 

13. 
Lactaserumt  246. 

Action   of,    eomparcill    with   ren/iln, 
155. 

Fixation  reactions  with,  251.  253. 

Hocculation  of  casein  by,  155,  506. 

Precipitins  of,  156.  253. 

Benaitiiera  of.  253. 
Leueocjtea  — 

of   rabbit    and    guinea-pig   In    strep- 
tococcus infection,  114. 

Artificial  lowering  of,  in  blood.  30. 

Effect  of  anlicholera  serum  on,  51 . 

ElTect  of  bacterial  products  on.  £1, 
53,  120. 

Effect   of   diphtheria  antitoxia   on. 
10,  37,  77. 

Origin  of  bactericidal  Bubetanccfl  in, 
24,  32,  76,  78. 
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LvucocrtB^—  Cnnlinucd. 

Narmal   Strum  —  Coniiniird.                                 ^^^^| 

HclatJOD  of)  to  badericidal  power  oC 

Opaoaine  of.  30O,                                                            V 

verum,  24.  30,  32,  41.  Gii.  H4.  QO. 

UebcLfvatton  of  facmoLytlc  sarara  by                     1 

Rclntion  nf.  Co  immuiiU^'^  0. 

13S,                                                                                    ■ 

Relfttiob  ol.  to  prevpQtWe  povvr  of 

SensltJ^tpn   in.   IS4.    237.    2iO,   2S3                   ■ 

perum,  3S.  41- 

372.  379,  444,                                                       ■ 

KtlbtioD  of.  to  Pfei^er'n  phenome- 

SuppreBsioD  of  cmv  of  &aliBeaBJtLiQr                    1 

QOTi,  71,  85, 

by,  23S.                                                      ^^M 

(■470    oJaif    Pha^oeylra^    Airiphophilta; 

^^^H 

Moerapkaffta;   Mieraphaftt). 

Optoolct  —                                                        ^^^^1 

oE  frog  »n]m»  301-                                        ^^^H 

Hacnphk^*  — 

of  immUTie  iwrii,  3El6.                                    ^^^H 

In    emid&tf    cauud    by    diphtharlA 

of  aormol  wra,  SfK).                                        ^^W 

autjiuxm,  31. 

Effect   of,    Dn   BDHfiitifled  rvd  blood                 1 

ia  ntrupLui^occu^   infccficPD,   \2B.   130. 

forpuxUcs,  305-                                                 ^^^H 

Origin  of  granules  id,  3ti. 

MfiCuri-  of,  3S0.                                                       ^^^1 

MmIU  — 

Ri-lAtian  of.  1o  ngElutiTiiiu,  305.                   ^^^H 

aa  ft  resgent  for  blood  atrum,  347- 

HclAtEou  of,  to  JLll^Xitl,  3fi2.                                                f 

Agi^liilin&lian  of  blood  E^arpuHctea  by. 

RplMion  of.  lo  pbcLgocyloHlA.  330  et          ^^J 

432- 

fcq.                                                                           ^^^H 

DiAwmUuklion  gf,  by  aodlum  citnie. 
424, 
MktopbHKeB,  laatreplococouvinfeotion, 

Rdatiuo  of,  lo  HositiserB,  397.                   ^^^| 

pjUlauri  TliEiiry  of  AK«liiLlimtlon.  147-                1 

l-l.  12S. 

Palliogvblrllyi    Jacrenfie  of,  In   bacLcria,                    H 

VodlOfd  CulluTCB.  Cp/  bueterid),  Bet  »q. 

3.  0.                                                                                   ■ 

MaLfruli&r  Adh^tlEHii  414, 

Parlloncal   Exuita<t<.   m   mfectionfl   with                    1 

Al{?3iin  fii^Aiion  09  n  phi^ttonencia  of. 

SlrpplQfDPPUK,    110,   124.    (h*  a/io                    1 

:iefi.  4o:t.  au. 

StrrjUoraaiAii).                                                             M 

of  coaKluliiim,  3TG,  37Q. 

in  infccLiciLS  nkh  V.  MaubouaIi,  40,         ^^^| 

A^^luTkimtiuii  iu  ri.-latJDii  to^  93|  144, 

Bactertcidbl  puwerof.  21.                            ^^^| 

Lfi-1,  168.  [63h  4E0,  517, 

MetUoJ  ii  pruiiudng,  33,                              ^^^| 

Coa-gulatioa  in  relation  Id.  153. 

Non-antikgoniem    of,    to   alexin   fixa-                   1 

{are  Abttycpf^fin;    Adirrpiian)- 

(iou.  412.                                                                        ■ 

Stajni*  [or  study  of  pbttgocytoBU  in,                 fl 

Stg^llvoChttnictailt,  »et  undtr  CA#mto- 

33.                                                                                      M 

tilZXt. 

PFpirrpT'fl  Fhenompnoii  (lyn,    fiaeterio-                 1 

NrlH^rr-WpfhRbeiff       PJif^nofUEDDQ,    iff 

Jyn>).  5G.                                                             1 

u/iiffT  Alecin  Difiation- 

in  vir'»,  57,  S3,                                                        ^^^1 

J(\titltat\a^yit:iubnatt  ae  nicaonof  puri- 

in vnro,  4S.  57.  58,  33-                                 ^^H 

fying  cuilurcB  of  j^vLDtj    dltihtbcria. 

witb  Vtbrio  CholcriQ,  53-00-                            ^^H 

4f3. 

witb  Vibrio  Hetchtiikovi,  84.                                   V 

McoIIv'b  Tfafor;  ot  AfgluIlnnlloB.  145, 

CoEnbmed   actioo  of   prpveative  and                    1 

Narmal  J^mim  — 

nomifll  flenjio  in,  W*,  06,  ]03,  lib.                    ■ 

foiEipEvrL-il  HLlb  immuoe  serum,   45. 

Compurir^oii  gl,  la  vitro  And  in  vivo,                 1 

00.  70-7S,  177,  181,  201.280- 

2t4,  413.                                                               I 

QacUrkidul  properly  in,  2fl,  4B,  45, 

Diftgnodia  of  Tibrioi  by,  44,  59,31,  04,                 1 

es,  G9j  70.  75,  78,  201, 

Fnctore  coocerucd  in,  65^                                   ^^^B 

Aetjon  of,  with  prcvoplive  ecrum  in 

PreifFcr's  cupUikHtiDn  of,  57,  85,  05,          ^^H 

PfeiHer'fl     pbenoTTieooa,     58,     SO, 

^^M 

Ut'A.  i:t5 

R^lntion  of  pndnthrllAl  c&\\a  to.  57          ^^^| 

AgEluiiniktlDFi  cf  Allpn  blaoJ  by.  05. 

Retalion  of  leucocytca  to,  71,  S5.               ^^^| 

V2.  130.  ira,  131,  290,  370. 

dtainB  for  ileiuoaaLrHtiEie.  03.                       ^^W 

ADtaRuaiatic     eflnrt    r\(.     un     dUKio 

Pffllllrr'i  Tbroryof  lmiiiuaRyi212,2lS.                  1 

fim^iart,  QUI,  Z52,  Qee,  402  ct  obq., 

PfaaKo^ytca  —                                                                        M 

■110,500- 

Uact^^rtc'tdiil  prDpcrtics  oi.  24.  33,  33.                    I 

Al#xm  in.  S9,  tOl.  135,  170. 

l£ITpct  of  ch^mloffttia  mi,  11  ol  Beij.              ^^B 

Action    or.    on    ftqli«0Aitiiiera,    2^, 

Selpction  cE  bacIoriA  by.  4.  6,  10-                  ^^^| 

293- 

Tactile  ivflction  of.  12.                                  ^^^| 

ElYect  of  InjEctioD  of,  31 ,  32.  67.  87- 

(jfc  alao  Lcucoc'jtfa;  FkaQoet/t&tia).              ^^W 

MuUipUcUy  of  aKftlutiDioB  la,    ICl, 

riuueocyLlc  CrUM  lu  tiirvLtiococcai  1b*                 1 

^m                  240. 

fvcUvn,  124,  127-                                      ^^M 
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FLftfiwrtIa  TheoiT   at  luraaBltr*    IS, 

2&i  (aa  oJto  undfr  Tntmunity)^ 

Ptucocr toils,  9,  10.  22.  24,  528. 

AB  produced  eBsentially  by  smpho- 
philes,  10. 

of  variouB  bacterid  {ttt  under   taeh 
micTo-oTffanism) . 

in  cholera  iaftctbEU,  9,  19,  24. 

in  vbccLnated  onimola,  Il- 
ia vitro,  33r 

JQ   streptococcus    LnfectloD,    14,    lOB, 
12S,  130. 

Delayed,  in  atreptococcua  infection^ 
124,  127. 

Effect  ol  chemiotaxia  od,  II  et  aeq. 

EfTect  of  chloroform  on,  23, 

EITect  of  diphtheria  loxio  oa,  37. 

ElTcct  of  lactic  acid  on,  12. 

Relation  nf,  to  immunityj  00,  206. 

Relation  of  opsonins  to,  3S0  et  seq- 

3tiuD3  for,  22,  33. 
Phafolyili  in  atreptococcua   iDfectLoD, 

105, 
PlffeoD  3«Tum,  HcmagglutLnina  ld,  173. 
Plaine  BbcIJIoBi  tte  Baciilua  P€MiU- 
Plaama  — 

Bacterjcidbi  properties  of,  27. 
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■Clolir'i  Etilibicd  SpcctALiau'  Exunmer —  .... ............ ..,,,, Bvo.  9  00 

I  runner's  Exa.nuns'.. ............ .Hva.  ]  50 

Cm^Ki  A^in^cjtli --..-.--.....  r    ,,' .^  ...>. 4La,  A  W 

CHboTFond  S<|iii«'i  PofariBinfl  phoio-cbronaffrtpta, .,. -,Svo,  S  DQ 

•  Davit'i  HltintiiiA  of  Law .-,,.-,-....*..»»,._..,,,.  .Hvn.  t  M 

*  Tic&Liaf  on  ibc  MtJiUry  Ua*  of  U  ailed  Staler. . ,. &,yo^  J  OO 

DeBrncV'i  Ca™]Ty  Oulprffl  Dude*      iCarr  I 24mn.  mor  2  00 

•  DudJty'sMUtiAry  Law  unit  (hcPruc4lu]TurCcMr&-mArUa]..»Lu-se  l^inu.  Z  90 
t}umni!'i  Re^jTbucc  and  PrDpuluDa  atf  Sbipi ,....,... ,......,.  Svo,  5  iao 

•  Dyw*  HandlwKil  if  UgM  AHillerv, .-...^..... lamo.  3  Oft 

Blisl^r'a  MLHltm  JlLgb  S^iiilcmva ,  . , ,  .^vt,  t  00 

■  Fi«btger'f  T<xi-bv>k  on  ?icld  FoniiicaUun, ,.,,-. . ....  .--..-Larfi  tSma.  1  OU 

HHfnihon  4nd  Bond  «  Tb*  (iunnar's  CatechlmL.. Hm4,  1  flO 

•  Hafl's  Elemmuuy  Njivii  T«euc» -...„,,...........,►,.  .Bvo,  I  0U 

IiifBtiA*  HAndboolt  a/  Problamtin  DiTKt  Fir*...... ,..,. S»o,  4  m 

•  UiHk'i  OrilDADCB  And  Gumwcy >. p...Svo.  0  m 
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*  Ludlow"*  LoBMlllinuc  ud  TrlBonometric  TabI**-... ....,.-,.... . ....  .^vo^  |1  tW 

*  LyoDi'i  Trcatue  on  ElectnmMjpwtic  Phenomena.  VoIb.  I.  and  H.^BvOnCKch,    A  OO 

"  Mahan'A  Pennvieiit  PorCificHtunu.     (Uercur.) Bvo-  luU  mor  7  00 

UanudJ  for  CcurU-inBrTUl - -Iflmo.TnoT.  1   60 

■  Mercur'a  Aitaclf  of  Fortified  PIkw. , 12mo,  7  00 

•  Elemwta  of  the  Art  of  War. - -..,-,.,-..,..  ,,8vi>.  4  00 

Nixon's  Adrulflnta'  Manual - - .  .  - .,...,,..,  .24niOv  1  00 

Ptabody'c  Naval  Archiiectiuv  .    .    .    .    -. . .- -..--..-,..-.  r  -Svo.  7  OO 

■  Phelps's  Practical  Marine  Surveying --. .-.--..----..--..-,.  .-.Svd,  2  M 

Putnam's  NauLical  Charts -.  ...  r --.--..,- .  rSvo.  2  00 

Rust's  EK-mendian  Altitude.  Aiimuili  and  Slaf-Pindinff  Tabl«4r.,- . .  r  rSvo,  6  00 

Sharpe'i  Art  of  Subsisting  Annj«  in  War, --  r-  - -tSmo.  mor.  1  W 

*Tupe«and  Poole's  Manual  of  Bayonet  Biorcises  and  Uuslieiry  Pftucin^ 

:Mma.  iKibp,  50 

*  Weaver^a  Mihtary  Bxplosivea ^ fivo»  3  00 

Woodhull's  Hola  on  IdiUUuy  Hygiene , , Iflmo.  I  fiO 


ASSAYING. 

Bfltts's  Lead  Reftnlns  by  ElectTolysis - %vo.  4  00 

Plelcher'fl  Practical  Instructions  in  QuBnii tall  vqAsaayine  with  the  Blowpipe. 

lOrno,  nujr.  1  fiO 
Furman  and  Pardoe'e  ManujJ  of  Practical  As&aying.     (Siitb    Edition     Re- 

viud  and  EnUr^ted) SvOh  3  00 

Lodgt'A  Notes  on  Assaying  and  Metallurgica]  LFaboratory  CxpericnenEi.nSuo,  3  DO 

Low's  T«hnical  Methods  of  Ore  Analysis - flvo.  3  OJ 

MiLLer'a  Cyanide  Process l2mo,  1  00 

Manual  of  Assaying - J^mo.  1  00 

Minet's  Production  of  Atuminum  and  its  Industrial  Vv-     (Waldo.)  ..]2nio.  2  HO 

O'Driscoll's  Notes  on  the  Treatment  of  Gold  Ores. Hvo,  2  0^ 

KiclLetis  and  Miller'a  Notes  on  AsaayinB ^vo,  3  00 

Kobine  and  LenBfen's  Cy*niile  Industry.     (LeClerc.) Bvo^  4  00 

Ulke's  Modern  Elefirolytic  Copper  Rclining. - fivo,  3  DO 

Wilson's  ChLorination  Process., -l^mo,  1  SO 

Cyanide  Proceaacs- l2mo,  1  SO 


ASTROMOMY. 

ComsiocV*  Field  Aslroiiomy  for  Engineer* 6vo.  2  fiO 

Craig's  Aiimurb ..^. ...  ,--,llo,  3  SO 

Crandall's  Text-book  on  Geoilesy  and  Leul  Squara.,,-, ,,-,....,-.,  ,8vo,  3  00 

Dooliltle^s  Treatise  oa  Piacica)  Astronomy. .,-,,,, - .-.  ....Svo,  4  00 

Haj-lofl  E  Tenl-book  or  Geodetic  Astronomy ...,..,..,.,..  ..Svo.  3  00 

Ho^mcr'a  Aiimuth 16mo.  mor.  t   00 

MerTimah'i  Elements  of  Precise  Surveying  and  GeodfAy Svo.  2  &0 

'  yichic  and  Harlow's  Practical  Aslronomy - ...  -  ,Svo.  3  00 

Ruhr's  Ei-meridlan  Altitude,  Azimuth  and  Star-Pindina  Tables.,  .  .  . .  .Hvq,  fi  00 

*  Wbiie^s  Elements  of  Theoretical  and  DoscripLive  Astronomy.. l2mo.  2  00 


CHEinSTRT. 

*  Abderhalden'fl   Physiok>eical  Chemistry   in   Thirty   Lvturar     (Hall   aad 

Defren) Svo.  fi  00 

*  AboRg's  Theory  oE  Eiectrotytjc  Dissociation,     (von  Ende. ) - . .  l2mo,  1   2S 

Al«^cycf>  I'cneral  Principla  of  Organic  SyntheseSr     CMarthemJ,. Rvo,  3  00 

Allen's  Tabli^a  fur  Iron  Analysis Svo,  3  00 

Armsby's  Principles  of  Animal  Nutrition .Svo.  4  00 

Arnold's  Compendium  of  Chemistry.     (Mandel.) Large  ]2mo,  3  50 

Association  ol  Sur«  and  National  Pood  and  Dairy  Departments.  Hartford 

MMting.  IWOa., - ..,,,.,.....,,.,..  ...Svo,  2  00 

jBuieatowa  Meeting,  10U7 ...•-.-..  .......Svo,  3  00 
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Jkwtw't  Not««  far  CtamJal  Stu^cnti..    ...   . ...., J.  .ISnc,  11  fiO 

BfljiuvlDu's  SmDlcelBB  PwdTf  — Nitia-coLhilciea,  and  Thoory  of  iht  CgtliilcH 

Motocute - - lauD.  S  SO 

BJlt^'i  IniiDduciuiD  to  [Dorguuc  dicmuiry    (FIbU  *nii  PhclanL  (In  PrtH). 
LjtbornT^ry  U^thodA  of  InorBiinic  ChomLBtry.     (Hmll  mnd  BluchArili. 

HvD.  S  GO 

*  Dlinchard's  -^ynchctti-  [iLDr^anii:  ChcniEriCrv > , , , ., , , .  12fnOt  I  00 

•  yi-O^miiiB'i  liitroHlvjclicn  lo  lliE  Rarer  Elem*riH ...,....„  , . . , ..  -Suo,  1  &D 

•  ClMsien'a  Ucelnujiir  MnnuEnL'l«rc     fHail  nn'l  BoJfe.).,.„,„ ftro.  3  W 

CWuca'o  QuaaiiLati^cClicimcBl  AoA^ysiA  by  Slflctrolj-HEi.     (Boltwood.Vflvii,  3  00 

Cohn'i  Indir&tcn  ami  Tst-pap*™  ...  .,,..... .. .--.,,    ,  llUniD,  H  00 

Tou  aod  Ripaaonis..  -^^^.-, ,..---Sto.  S  00 

*  DAnneerB E^trtxlKniijtry.     (Mcrriun.]. ,-...- ^--- ,  ^  ■■-<  h .  ■  ISmoi  1  SS 

Dunnlli'A  MptbodiL  of  Textile  Clieiiiii^rY , l^mo,  3  00 

Dubnu'a  ThenHwlynaniLu  uid  CbemUlrr,     (Duik^h.].,.,,.-,  , , .  ,  ^ , .  .flvo,  4  00 

EiblFf'j  MoOera  Hiflh  Ext^lnlvK,-    .--,._-..-.-,- ^.,^..^.t\ri.  4  00 

BrdmATLD'i  iDErodiiduoD  to  CbciDicBl  PiopaTBtiDiu,     LDuqlap.). .... ,  r32mQ^  1  2S 

•  Pi*cher'(  Phv^lolngy  nf  AilDienlalion LarH^  l^nio,  3  00 

Fletchc'H  PraciiDil  Iqairur lions  in  OiuijUutivsAiwInjiwUh  the  BlD*[)l|>«. 

J^niD,  tool-  1  60 

Fowler's  Sewago  Wor^i  AnAK-qH ,....      ITmo,  S  00 

Frcseniiu'i  Muiuat  of  OunliLAllve  Cbomlcol  ADol/aiA.     (WeUs,). ...  ,.,,.,&>□.  fi  00 
UiuiuhI  vlO'-^^'I'^'^Ei^v^l'^^i^^-A-nBlyBUr  Part  I,  D«cripliv<.  (Wclk.)S^.3  00 

Ouaniluiive  Cheaucul  Aruily^^.     (Cohn/)    2  vais - Hro.  la  oo 

When  Sold  StparaiflJy.  VoL  I.  lA,     Vol  II.  W, 

PiiBFtH'i  WarrT  nnl  Public  HcaUIi .... ....,,.,.,,  . ,  t2niD,  1  BO 

FonoAn    KLfJ    fjudoc'a    Manual    of   PmcUcaL   AiviylDV-      (Sixth    Edition. 

B.»-i»c^  LDd  EtiUrg&i,) -,,.....».....  ».^....  ...^..  ,8vo.  a  OQ 

■  tjBEnUi'B  Eiervi^»  in  Ptiyiicai  CTicmlBliy..............^- .. . .__.        I^mo,  3  00 

OilE^k  Gh>  Bad  Fuel  AnDlyaiB  Toi  Enginccn . . . .  r , I^JmUi  1  25 

'  fiOO«h  anil  BrawruDB^i  OulUnv  al  QuaUlitive  Chemkut  Aii4!nii, 

CnJlonJcSl'i  Pripciplca  of  MoJcm  Dairy  Practict,     (WaW  )...    .-,-,,  .lamn,  3  OO 

Gfoth'E  Intro-iucLiDn  In  ChtfmicBl  Cry^i allafirBrli V  {^farBhall). I^rnv.  ]  2S 

HflmniAnicn'a  Tui-bool;  at  Phyabloptaf  ChemisEry,     fMftflil*!. ).,-.- ,»lvo.  4  00 

Haiiaiuek'a  Siiicratcstpy  of  Technical  Pmducd-     iWiaEoo.J. ..,..,, ..^...  ..Ave.  R  00 

•  HaskinBUiii  MarleodS  OrEmic  Oemiiilrv ..I2nifl,  5  00 

Horing'a  ReoOy  RclercDcc  TaIjIo  (CoDveruan  FacionJ. ..^,.^,.,,lOiiiCt  mof-  3  50 

•  Hefrick'a  Dmaiurod  or  InduB trial  Aleohol --,-,,,,,.,.  „-, .,. ,  - -Svo,  4  OO 

KifiElfi'%  Innrffanic (^hwnuirv -.,,,- ,..., J(Ya.  3  0(1 

*  LaboTKlury  UanuB]  (ui  SLudcall. .... ..,..,,.  ^ ,  .',.,.  ,-..,.  .  .  ,13lD0,  1  Qf} 

*  Hollsman'i    Leboniory    Maniiat   a£   Oreuua    Chonlitry    for   B«siiiT>on. 

(Wilkw  1.. l2nio.  1  OO 

TeKt-buokof  InarMutU:  ChcDiiatry.     (Cooper.).  .^...^..,^.,.  ,^i.».,flvo,  3  50 

TMt-tK»t  Of  OrEnmc  C^omijilry.     tWalkfrund  Motl.J...^..-,-.. .  Hvo.  2  fiO 

*  Holley's  Lud  uiil  Zinc  Fisnimtt. . .-.--.-,  r  - ,,, Liinif  ll^QiDi  3  00 

Holl?}'  uid  Ladd'i  AnalyaLC  of  Ucucd  Piiab,  CqUh  Pj^ruBntat  *d4  VitfatilH 

Ldrtfe  13mEi.  12  SO 

Hopluiia'n  Oil-chcQUKU'  Haadbook. .....  .....  ^ .,  .^ .  ^^ ... ,. .Sro.  3  00 

JaflcBon'i  DiTcciionf  for  Laboratory  Woric  ia  Phyilclogii^aE  ChpnuBtry.  .Svt],  l  3$ 
Johnson'^  Kapid  MelhodH  (or  the  Chprnical  Analyrii  of  3peciB|  fiieel.i.  Stwl- 

DiaLing  Allnys  Aod  CrApTiiie.  - ,. Larco  l2iha,  3  00 

LAndBuar's  Srnvlrmri  ArulyaiK      <Tinfll*.J..,.. R^t..  3  00 

■  LaagwoTthy  anil  Aualcil'j  OLLurrcm'v  of  Alunlnum  la  VvgcuihlB  FnKl« 

ucta,  Aniitkal  PrQductB>  and  N'stursL  WaLcn.. .,..--.,,.-...  ,Svq,  2  00 
LfUEur-Cahn'n  ApiidcntKiEi  ol  Srtme  l^^nenl  KufUoHA  tn  Invatiflntiona  ia 

Onpinic  CKrmiaiHiy.     (Tint;!?'!'- ...,,.  .^, ...  .liwtj.  1  00 

Laac^'a  Insf^^lioD  arnt  Analj^t  of  Food  with  Spodal  Refarvnca  lo  Stal« 

Control.. ..-...--...  ,*vo.  7  DO 

LAb'a  Eln^trochcmiatry  ot  Orflunk:  Coinpoutidi.     (LfOrenc) , , »  .Avo.  3  00 

LodB^'a  ^olt*  CM1  Aauiyirtr  Bnd  U'talLurslFai  Laboralcffy  Ki[perini*nlB,,Svo.  3  OU 

Low^  TechrrJcal  MeitUKJ  jf  Ore  AimlT-^>. .,....,,....,  rBvu.  9  00 

LiUd^^H  T«  hno-c  hcm^oa  I  AttalybLa.      (Cohnilm-.  i-iii.-.ii-.'^.FF-  ^l^Rio,  1   OO 

*  ||<:Kav  anil  L-antni  PrmciplKand  Pntetire  of  fJvlttf-'mitlana  ■-.--- '-Kva,  I  50 
Uairc'ji  Atodea  FJamcau  ajid  xht'n  Vc^k*- - ..12(DO,  3  00 
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Uaders  Nui'lboDk  lor  Di^f-cboiLiuJ  Ltburmor/-, --.-.-.--,- ,  ^-^.-.  -I2iihj,  |1  W 

*  Jtlarlm'9   Lnboiwlory  Giudofo  QuAliUtL^rfl  Analyu  wilh  tha  B|o»iitpB 

Unw,       AD 

Muon'n  EuLminatiDn  dC  Waia".     (ChemicAlutd  DacEoiDltJiical).^., ,  .12niv»  t  2-i 
yKatBt-Bapp\y      CCocnderad   Princ^pLlly  from  a  SaoJtftry  BtuiitpainE. » 

MVD,  4  00 

*  MBihcwDon's  Finl  Prindoks  uf  Chnnlcst  Ttioorr  ,..,-.,..-,-      -,---   8vo,  I  00 
Malttievfl'A  Lkborarary  ^[>^UBl  ol  DyeiniE  ^nd  Tudla  CkamiBtry.. . , .  -Hvo,  3  60 

TptUlP  FihrK.     :id  EtTition.  Ktwmtio ,- .S\o.  4  00 

*  Mrvcr^a    DrtarmiDHtiaii    oC    RjKlklca    in    Carbua   Cajap«ufiO«.     (TinElc ) 

Th<rd  Ediiion , , ...I2rfln,  |.  3& 

MilJera CyanuLc  Ptdcch,   ..,.,.. .,.-.. -liimo.  I  00 

^rTanuAl  iif  Auaying .  - l^iTHj,  1  00 

Minel^t  Pfi>diiclinn  nf  Aluminun  and  if*  iFidTuIria!  Uio,     (WiUdo.}.    .llwio.  2  50 

Hlkift'^  EErmenLarv  Tcjii-biMlL  uf  CliamBtry ..................  J^mo.  1  50 

ltarsB,n'3  ElemcnU^E  PhyBic^l  C^cmlBtry- r „ -......>.....  ...IZmD.  3  00 

QiilKoc  or  Iho  ThmryOit  Solntimui  nn-l  fl*  RrtuHt,.,...„„.-.  .12itio,  1  UO 

*  Fhyikal  Chcmiatiji  for  ElKliicaL  QnaiDHri....H.,,. ..»-,...- 1 '  ■ISmo,  I  50 
Uana'a  Calcutmilom  lUfd  in  CaJie-tugAT  Foctoriea. . ^ . . . . .  ^.-^ . .  -iftiflo.  mat.  1  50 

*  Mmr'^  Huiarv  of  CbemJcfll  HwariB  tnd  Lavrt--,--  .    , ........  .^\n.  4  DO 

Vol.  I      ComfH^iiniln  of  CEirboB  wiih  HydT^Euu  anrl  OT^'jfm.  Lftrga  8vo.  5  00 

VoL  IL     NicrDirFniua  CtrnmitnEla.     (In  Prep&nLioi]|, 

Vol,  JlL-     The  Commereial  Dtc-IjAb-     {In  Pro«J.  ' 

O'Dnwciir*  NotKcin  the  Treiimtnt  a1  r^old  Otm -.8¥b,  3  DO 

OnlivBl^l'i  CtjnvcnaEiona  ^n  CliriiLiiitrr,     Pari  One,     (RAnuey.^ .\2rao.  1  SO 

Pari  TvQ.     (Tumbull,).    ,-,l3iiK.,  2  L» 

Oven  Jtnri  SianilDjra'fl  Dvainv  Anrl  CleanLnff  oFTcitila  Pnbncft    .   ..   ..  I'Jino,  2  00 

*  pKlmcr'B  Pru-lLi:B.L  Trtt  Douk  ut  Chcmisti-y,       ,   ..,,.,   ...........  ,-12mD,  ]   00 

*  Pjiufi'i  PViynif^nl  ChcfTii<rry  in  iha  Service  of  \f«d^citt«      d^v^her  J    -l^tna.  J  3£ 
Fmfield'B  Tables  of  UlaeiHls,  lacluding  the  Use  cf  MiDeriilK  and  SUitislict 

d(  Doncelic  PrcwIacUaa -  r  -  -  - - . Bio^  1  OO 

FittH'a  AlkftLrnd*  and  their  Chemitml  CDrKtiluTutq,     {Bidillv-) --.  rtt^a.  5  00 

Fodk'i  Cnlorifc  Fowcr  of  FuqU -. ,--.- --,,..,...._.....  .Atd.  a  00 

PhKcDit  and  Winmiow't  ELamontB  of  WnCpr  BBCtetjolDfip,  with  Epvoiitl  RcEcT' 

tnce  to  Snnitu-y  Water  AnalyHS, . , .I2mo,  1  fifl 

*  Rcuj^'b  (jLUdc  lo  Fiecc-Dyeic^ ..^..  ,  .8«o,  25  00 

Rich«rdii  Jinil  WDodnuta'*  Air,  Wntffr,  and  Pood  from  a  Saoltary  !iTanJ- 

poinC  ■--- -. SVD.  3  00 

Rlcltciuond  MJIkr't  Pfot«  on  A.vayiti^ ,  .4- --'-'>--- h  .-■-,,   Std.  3  OD 

Ri^leal't  Dinnfectinn  Bnd  fhe  PreurvAlJon  of  F(»d.,-r.,-.,- .flvo,  4  QQ 

3rWAin  t-nil  ihc  EiicicrinJ  pimrLcBLiun  o(  ^cwiuce. -..^....,,._  ,  ..Svd.  4  00 

RiflKQ  ElcmorLlAfy  Mnnull  St  lh«  ChtnlicBL  LnbtfAtDry. .,,.,,.,,>.._ , ,  ,6vo,  |    3S 

Kohine  anil  Lenirlen's  Cyaniclc  IniluiTrv      (Le  Clen?.) ,_. five,  4  DO 

Ruddirnan't  lacDmpatibililica  ia  Pre9ciipLu>na .,.,  ,... ,  .Sva.  i  00 

Wliy*  in  PhUmBcy ., .    .,-..-.„„„  .^ --^13iiio,  1  00 

Ruor'a  Elciccnlk  u(  iitltWoUtao^j.     (HntliawaGnl.     fin  Fihsl} 

Ekbia'B  InduAtrial  and  ActLstic  Techno  Ipgj- «f  Paini  and  Verniih,  ,,...  ,Bvo,  3  OO 

SattrKrflki'fl  PhynoLapcal  and  pAlhdln^iE'ar  CliFnii&Crr      ((JmdarfT  j    -.  Sva,  2  SO 

Scbiiapf'i  BumtJali  oi  Vulumeiric  Aa^lr^l^ --  -  -  ^ .  -^ .  -  •  - .  l^rrxtb  I  ^ 

ManiiaE  0I  Volumrtric  Anql/bia     (Fifth  EdiiionH  KflWiitinnj ... .  ,8va,  5  '>0 

*OuaJltaCt*B  Ctienutai  AnaiysLi. ,...,.,..,,     Bwj,  I   2A 

Eioith'a  Lcciufo  Notes  on  Choinj»Ery  (or  DcuIaI  Studcata ,    ,6va.  2  30 

Bprac*r'%  t4aaill>H>1f  for  Can«  SuAflr  Uonutoi^LurTra, . --..  .Ifimd,  taor.  3  00 

HandbooV  for  CtacmlaEaat  b«t-susBrILousflL...,.., iQma.  raor  3  UO 

ElockbiidBc'a  Rackfl  and  &jlIs -.,,'.-.-,,,.. .fiva,  2  AO 

Slont't  Prortical  ThLirboE  GaBand  Gu  Mclen.. .._...  .--4. 8vo,  3  50 

*  TilhniJi'i  De^cilpiive  Oauial  Cbemliuy ., ,  .Bva,  3  00 

*  EleoiKiUir^LanDniiiiiHBBt ..,,-,,....,_.... ............  ..Svn.  I  50 

TreadweJ'i  OuAUtftilve  Atulj'HJi.     CHaiL>..„,. ..,  .Bvo.  3  00 

Quaniiiati^o  Anal/vU.     (Halt.),- , >  .-i,.  ,.<<•..  t  <...-.  ,flvo.  4  00 

TuraMUTcand  H.ua»irfi  Public  Water-iiippliea.  .-...,,,-„,...»,,.,.. ,  -&va,  5  00 

Vui  DflvenWrB  Phvsical  Chemistry  fcir  Bcahuwra.     (BoUwixid.} l2ino.  1  50 

Vautblr'i  Methods  ^mi  Dcvitu  for  BacEcnAL  TrcatmcDt  of  Sma^^c....  .Svd*  3  00 
Ward  and  Whirrk's  FfMhwaler  BioJo^.     {la  Fres.) 

Wanfl't  Bccl'iuMor  UaaulaaLuiD  aad  Reficfog-     VqL.  1,-,,  -,,,...,...  -  .im,  4  00 
VoLlt Bvo,  *  00 
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A 


Wjtohioffton'fi  Manuql  of  The  CS«nlc»!  AnaljBla  of  Hocfa  .h-... Sva  t3  00 

•  Weavpr  i  MiliCorv  Kiiilruiva ,..,,, -Svo,  3  00 

Valla'!  LabiofaiuE^  Guide  in  QuAliLaLJva  CbcmlcBl  AmIVBls. ..    ....... .SvD,  I  SO 

Short  CaurHLalEiar0BJucOLuUla1ivDChEmic4lAiut^r3»  far  Ea^ccEing 

5"Ment5           laow.  I   fiO 

T«*E-book  al  ChcEnEca]  Arittiiimlf. -. ■>.-^-...'.. »-  .l:^ino,  |  Vfl 

T*^ppip'*  M[^ETii<c4py  of  DrinlnnB-waLer.-..,,.,.„,^„f», ,,,*,.,,„. .  ,Svti.  Z  do 

WiUon'a  CklcnDBtiDn  ProcB*  .- „, .._ -.  ^- --*,..,.. -,l3mo,  I   60 

CynniJc  PriKCuca... ..,.,....  .-,..,,>.,.,_,  ,fc,,,  ,,,,,,.<.. -l^mo,  1   50 

WitltDn'M  HllTwfnpy^  nf  VtBBLbblH  T'looJ,----.  4-. -...,,,-_,,  h  .,->.,.  ,flvo.  7  fly 

Zsicmundy^j  CDlloiJt  iiEid  the  UllrAmJ^rracape.     (A1euDdv}.„L4T^«  iZtm  3  lx) 


CIVIL   EZTGINfiERlKG. 


BIUDGSS  AKD  ROOPS. 
ING. 


UyriRAULICS,     MATERIALS    OP    ENGIHEER- 
RAILWAY    ENGINEEHING. 


Bmker'&  ED^ntern'  Evurvcrins  InacrumcnU. .^^.^,.4..,__. ..,,,.,  ^  1 . .  |]2inci,  9  00 

EiJCbT'i  Ijmphicjil  Computing  Tiblf    . Pacwr  IV^y^l  inches  3( 

Bfflcd  uLiJ  Hoflmtr'n  Prindplo  am]  Pruiice  of  SvTVBylns      Vol-  J-  Eloincn- 

tory  SifTveyinff .    .  .Bvo,  3  00 

Vnt.  II.     Hi/hpr  Siirvpylni; .Sm*,  •>  50 

*'5uit'5  AncEriki  nn'I  Mudcm  f^q^inrvring  and  Lbe  Iiihcnivi  C|taikJ-i ...  ^Svu,  3  90 

Crhn^tcKk'B  PftflJ  AslfoTioniS-  £cr  Enyinenn - ,  r  .  r  -,  - ,  ,  .,,.--.  .Sva,  fl  fiO 

*CorLhvl]'s  AJbwnbtc  Prvsiureon  Deep  Founiliiciaiu \'£mo.  1  3S 

Crtndall^i  Tmi-boolt  on  GciidB)'  ajid  haaaX  Sqimrcar..- ...........  , .  .flvn,  a  00 

ElAws'i  Rl«valtnn  ami  Stadia  Td'blej ....,,..,,. .Svo,  I  00 

BlUoli^a  £iijtliM--?Ein£  f^r  LjiiliI  Dnunan!"--'--''-- -^'l^mo.  1  50 

PibcucbJ  Party  Drainafic.     (^ond  E<Ii(kjn  Ro"rrilt«tJ.  ,,  .^t.ASmtf.  I   fiU 

*  Plpbefler'a  Trealiw  on  Civil  EnslTL**rine _,_,_.,  .8vd,  S  00 

nvmiBT'&  phoEugiiiphLh:  McduiU  ikuJ  EiuLrumcDLi.',...-...' .&va.  0  00 

Potvair*  Se<VDfng«.     (EltviteiUEiB  bud  MaiDteauice.],,.— . . . ,._.,,..  .8vd,  3  00 

PrntAe'i  ArctiiiHTttinJ  KnEinHnng.  ,..,...^... ......  ..^4'- -.-*-.'>*-- ,8vi?,  8  SO 

(jDChlliuD^B  Miuiu-lpol  LiripruvcLJicnti..,^.,.. .....4-'-.".  -"'-*>l3nia,  1  HO 

*  Haufh  uid  RLi^e^4  TnbleH  of  OnDEiTkiTca  for  FrellmlnHry  EitlmjtTo...  ]ftaiD»  1  2ft 

Hoyfoid't  Tejcl-bDot  oi  Geoilplk'  AMTDiumv .>  - -  -  -  .8VD.  S  00 

Hcmig'a  ReA'Iy  Rcftrcnct  Tftblca  (CoQvcmon  PkcLon^..  — '. '.IOdw,  mor.  3  fiO 

Hovnert  Avimulh - -,,.-  — ---- lamo,  mor  I  00 

Kovk'  RviHiniDB  Walls  far  F.aiz'h. - 1 2nin,  I  2S 

■  lve&~9  AdjuaimDnt*  of  Eho  Enaniwrf'i  Traorii  Bad  Ltvalr...- . .  Iflmj,  bJa.  ai 

jDhnu^d's  (J,  U.)  Tha>ry  anil  Prociict  al  SurX'cvinfl L^rie  ELhriQ,  4  uu 

Jobnaua'a  (L  J-^  Gu^i?'  br  Al^cbEikjc  and  GrBphk  UctboLlv-  — fivo,  £  0<f 

KinnituTt.  Wiaslov  and  Prall'i  Piirificalina  al  bMVftg*'     (An  HnpimttDn}. 

*  Mihan  1  E>€scniilWa  Cwametr^  ...   .,.-.... ,.- ,.Sva,  1  M 

MorrijiLui'fi  EUmenEt  of  Precuc  Sur-veyinj  vid  Qtodsmy . ,  ^ . .  . .Svo,  3  HO 

Mvrrininn  annl  Brmbs'i  LJuidbmk:  lor  Sofveyon-,,.  .........  .lOnw.  mor  3  Oil 

Nuiieni'i  Flnnc  :5urvr<yiiig... ,, Svo,  A  AU 

OipSon'h  £t*fr  CantiTuciiait ...^.  ......_....... .  . . -8vo,  3  IM 

Sewer  Dnicn .,.,....-., IZmo,  2  00 

Pinonu'a  D[s;*o«nl  or  MmnLcipBl  Rcfwo,...., ..  — .Svn,  t  00 

Pallim't  TreBCiHOD  C>vil  EnH^n«nnii -,-  .  . *vo.  hmtt  l«ach«r.  7  S'* 

K«1  i  TDpogTipblDAl  Drowiim tirid  i^lutchtns ..-- 4ia.  5  00 

RidraL  &  SewA^caad  iha  JIaclcrial  PonficiKJOD  at  Scw^ev..,'   ........  ,  .8va.  4  00 

Rfvmer'i  .Sharr.&inkjnff  unJvr  UiHiftiU  ^^ndil-Kin^.  (CarEimvuid  ?Hle.>Svo.  9  00 

SleberL  mntl  BtiixiEi  ■  McKlcni  Siuiic-iuiiiTi«  and  MaKinrv ....Svo.  1   AO 

SnuEh'^  MBsiiolol  TcingfApbic»^  l>uHbid.     (afaUillan.j...-. ... ..  ...  ..Svo.  ?  OO 

Sa[vr'K  Air  anil  VeniiTatuir  of  Subway^..-... -.-'"  ........._ I'iDto.  'i  Ad 

■Tracv'i  Eicn.[»«  ]ii  Surveyinn.. ..- -.  .-.---^l^nio,  mor,  I  iM 

Tfracy'a  Pla*^t  ^jn'(?yiqH    --  --        ■    -      -  '  - .IHniD,  not.  3  <W 

•Trautft^nes  Cuil  Eriirinecr'i  poctci-book. > IQmo.  mcr.  &  00 

yighab.g'a  Garbage  Cremaiafita  in  Am«ra.. ..,...,..,... — . 8vo.  3  OO 

k      UtlbodiBod  DaviccafDT  Bacterial  Tminumi  of  Sew^Of.. ....... ...S^a.  3  00 

e 


Wjdt'B  BDifDnrins  mod  Architacturml  JuruprudaiH -..-,0vo,  %9  00 

&h«ep.  0  M 

Law  of  Contncu -..-...,..---  rSvo.  i  00 

Law  of  OpermlionH   PrvliminKry  to  Conitructian  in  BnfiDHfinir  and 

Archilcclure. w  .  .  - - .  .  - , ,  - .  .  w  .  .  ^ .  ,  -  ^ .  -  -  -  -8vo.  A  00 

She«p.  fi  50 

Wftrren'i  Stamtomy — Problein*  in  Stan«-CUlt'ilfl- , - - -,  ---Svo.  2  00 

•  Waterbury'B  V«l'Pockel   Hand-book  of  Mmthematic*   for   Eogintera, 

SlXHiMhM,  moT,  1  00 
Wcbb't  Problvm^a  in  Iba  Usa  and  Adjutmant  of  Encinechnff  Initruments, 

lAnu>H  nior,  1  3^ 

Wilton'i  Topoamphic  Surve^a ' - -  ■  -  -*™.  3  00 


BRIDGES   AND  ROOFS. 

Bolkr'aPrutlcalTr««liKon  the  Com  traction  of  Iron  KiffhTayBridau-rSvo. 
•Thamea  River  Bndflc ....^..  ...Oblonfl  paper^ 

Butt  and  Falk'i  Design  and  CDnitnicticm  of  Metallic  Bridges Svo, 

Influence  Lines  tor  Bridge  and  Roof  Computalioiu. Svo, 

thi  Boii'b  Mecliani»  dI  EnaineeiinB-     "Voir  II.- ,  - Small  4tD, 

Poster'*  Tre»tiM  on  Wooden  Tr«tr*  Bridfloa, .,-.-- - ..,.-.,..- -4to. 

Powjer'a  Ordinary  FopndatiDn*. -,-,-,,-,.-„-.-.,.-..,,..,,,.  - ..,.-,, Bvd. 

Greene'^  AFthea  in  Wood,  Iran,  and  Stone. ,>..,-.>< .-,.,,..-...-..-.  .Svo, 

Bridge  TruMM. .8vo, 

Roof  Trusses ...,8vo, 

Grimm'a  Secondary  Stresses  in  Bridge  Trusses .Svo, 

HeUer'a  Stresses  in  Structures  and  the  Accompanying  Deformations..  .  .Bvo, 

Howe's  DesiBii  of  Simple  Roof-truHea  m  Wood  end  Steel Svo. 

Svmmetrical  Mnfionty  Arehet,,,,.,, . . , ,-,.--,-,,,-,,,. .S%-o, 

TreatiKOn  An:hea...... Svo, 

Jobdwn,  Bryan  and  Tumeauro'a  Theory  and  Practice  la  the  Deviening  of 
Modem  Framed  Structurffl ^  . .  .Small  4tO, 

UerrJman  and  Jacoby's  Text-book  on  Roofs  and  Bridges: 

Part  L      Stresses  In  Simple  Tnuies. ,Svo, 

Part  IL    Graphic  SUtics Svo, 

Part  III.     Bridge  Design ..,.  w  ........ , .Svo. 

Part  IV.   Higher  Stiuctur«... -..„-„  w  „-,. , Svo, 

Uorison's  Memphis  Bridge-,.  Fr,.- ..-.-..... -...-..-...  rOblong  4  to, 

£oDderiE:kei'«  Graphic  Statics,   with  AppUeationa  to  Truuea,   Beami,  and 
ATche4r. .-,..........,.,..........,....--,....-.,,--, ,-8vo, 

WaddeU'i  tip  Pontibu«.  Pocket-book  for  Bridge  En^rvn lOmo,  raof, 

*  Speoifications  for  Steel  Bridges llfmo, 

Padded  and  Harringtoon's  Bridge  Engineering.     (In  Preparation.) 

Wright's  Designing  of  Draw-ipBiU.     Two  parts  in  one  volume. .,...Svo,     3  SO 


HYDRAULICS. 

Bamea^a  Ice  FomiHtion Svo.  3  00 

Baein's  Experiments  upon  the  Contraction  of  the  Liquid  Vein  Issuing  from 

an  Orificp-     iTmu twine.) .-.......- .Svo,  2  00 

Bovpy'4  Trcalise  on  Hydraulics Svo,  &  00 

Church's  Diagrams  of  .Mean  Velocity  of  Water  In  Open  Channels, 

Obloiif  4to,  paper,  1  00 

Hydraulic  Motors Svo,  2  00 

Coffin's  Graphical  Solution  of  Hydraulic  Problems ,  .  ISmo,  mor.  2  SO 

Flather's  DynKmoTnelers,  and  the  MeaauTement  of  Power..., .,,..,,  .12nw,  S  00 

PaLwell's  Water-supply  EnflinHrina. ,.,  ...,3vo,  4  OO 

Priiell's  Water-power .,.,  ,  ,..,8vo,  S  00 

Puertea  a  Water  and  PuWic  Health.., ...,  .l2mo.  1  » 

WBtrr-filtTation  Works l2oio,  2  SO 

GanguiUet  and  Kutler'i  General  PormQla  for  the  UniEorm  Flow  of  Water  bj 

Riven  and  Other  Channels     (Heringud  Trautwino.) , . .....Svot  4  00 
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2  00 

A  00 

G  00 

3  00 

to  00 

6  00 

^  sn 

2  50 

2  50 

1  25 

2  50 

3  00 

2  00 

2  50 

4  00 

10  00 

2  50 

2  50 

2  SO 

2  SO 

10  00 

2  00 

2  00 

50 

lUftU^HCIeBD  Waif  and  Ha*  uG»Tl.-, Lwrb  13ing.  tJ  AO 

Filtration  of  PuliJn:  Wal«-»upp[i«..,,,.. ,,..,_..-,. .-. S*a.  3  OO 

Huclhiint'tt  TDH'4«n  and  Tinki  Eir  Wutrr-wnrlrri- .,,-.,.-- , ,-..'- Bva,  "f  W 

Hencbera  I  IJt  EniniimciiiaiMi  ihcCAiryiimCmpBCLtyDf  Lar|v.  Rlveiod,  UciiJ 

Cflnduitv   ..  - -      -- ..,.,...^.. ......  ....-,..  --Bvo.  2  00 

Hoyt  nml  T-rav^rS  Rivcr  DLKhBrat... ., ............    ....... ..Svo.  1  OQ 

IJubbflTiI   Jind   Kicnted's   Walor-iiDrk'   U»Qasciiici>t   hud    MaUpleqiMicE- 

SvD.  4  00 
■Lyniions  UcvelDpTDent   and    ElccEHcil    rHsinbutkin    ol  l^nier    Pover- 

SvD,  3  00 
IdHAm'k  Wa[Br-Bupi>[y       (CDnii^Tvrp']    Pfiucipnll)'   Irair    a   Sanilary   Sfflnrj^ 

poLni.).  _. -,.- .  r,- H-,,^-H..  ■.,*■■•>■.. -Svo,  4  00 

MernmAii'i  TrMiiw  on  HydrMuU«. ., ,-......,......».  .Bva,  S  00 

•Nolilnr'i  Hydraulifi  of  Hiv»TS,  Wdra  and  SlufCfl - Kvo,  2  flO 

*  Kk'lijiiils's  LitfvrAEury  Nuick  on  Indu&LJul  Water  Aiuilyvu, 8VQ4  M 

Scbuylar^n  KnsiirvoirE  for  Irripulion.   Wiitar-powet,  "pd   DomMtid   Wilvt- 

luri^'v      Seconal  EdiiLon,  Rcvisdl  atiTl  Bolkned..., ,,  ,L£TBft  Svo,  A  DO 

•  ThoinBii  mJ  W*lt'i  Impiovciricnl  of  Rivera  ..........  .^ ...  ,  ,...,..^^0|  Q  00 

Tum#aur«  nnri  Rnuell'a  public  Walpr-«upfi1i«i Svq,  S  00 

W«£muiD'i  Dbij;^  adcI  CunitnHEion  uf  Darna.     Sili  £■]-,  enlnrrAi. , ..  -  ,4W,  0  00 

Walcr-Supply- of  Lho  Ciry  af  Ne*  Vork  (rom  lAfiS  id  L3&£ .,.4li>,  JQ  00 

Whkpplr'a  Volkir-  of  Pur«  Wmt«. _ Idrgc  l^ino,  I   (U 

Willuuit  AnI  HifDi's  MydnuUc  Tabla.  .....,.,.<-■<-■-■  ■ ,,,.-..-  .Sva,  1  £0 

Wilaan's  LfTLgBtiDii  E nfineeriDf , r -  —  -,,r...... .....,.....,,, flva,  4  00 

WoWiTurhinei 8vd.  3  00 


MATERIALS   OF    BKCIKBERIKC. 


BAktr'ft  Rofldq  (Hid  PjkvanantB ..,,..-..,  h  ■  -  -- .Svo,  h  00 

Trmiiu  an  UBjnnry  CanilracTlon. . . . . - ,  .Bvn,  fi  00 

Elick'^  UniEFHJ  Siatcb  Publit  Woiki ., ........ ObUrtifl  4ia.  &  00 

EluicborJ'a  Biluminoua  Roadi.      {In  Prru.) 

E]?inineer'b  M*nuUriurp  nl  Hvinmlic  Cemefxi,     (Tn  PfeTWAlicm.} 

*  Bovry'a  SiicriKLh  of  HaiorialH  unit  Theory  of  ScruciuTcs, ,-- ...,., ^vo^  7  M 

BuTr't  ElaiiiciL-y  bH'l  R«BLctftni«  of  iha  Uiicriali  oi  £at"^"fi^t- 8va,  7  50 

Sym«'9  HlaJiwayCoriBEnicUiHL--,,, -,. ..Svo,  5  00 

Inapcctioc  ol  the  M&icnalauid  WorlcaujuhipEmploiT^iB  CtmilmcUoa. 

IHma  3  00 

Church 't  UechanEcs of  Eji^jieoHna --.,..,......■- .flvo,  0  DO 

I>u  Dcna'a  Mfdunici  of  Kn^p^aia^ 

Vol.     I.  KiiLfniBlict,  SlBlie*.  Ktnelha Sntsll  4f4,  7  50 

Vol.  II.  The  Stj-oacs  in  Fiwucd  Stmctuie*,  SLien^b  of  V^Mrlali  luid 

Theory  oi  Pianrrm...  ..........................  , ,  „.Sai*ll  4Ioh  10  00 

* Eckvl'i CGmenU,  LLmes.  juid  Plarters. Svo,  0  00 

SlDTiB  and  CInr  PioilucW  ueed  In  Engkaccrind.     (In  PivpJuaLiDD.) 

Pinilef'i  [JTiJinory  FaundaEiofia . ....... . . S\o,  3  50 

*  Greene '«  Slrncttml  MechoiucB..^,..,..,...!..  t  ,^,,..  .^.. fivD»  a  M 

*  Hallcy'i  Lcftd  and  Zinc  Piffmeata. .--.... >*,, Large  LSiiki,  S  00 

Hollry  mnd  LadilS  Analviic  OS  Ubced  PnttU,  Color  Pi^niPnTi  mcd  VHrnUiu*. 

Ldtbc  iZmo,  3  00 
JobiiKon't  {Cr  U-}  Rapid  Mfltlictdi  far  the  Chemical  Anal yaia of  Specioi  SLvok, 

Sucl'DOlilai  Alloys  vid  Grvpliltc ..LarHs  13mo,  3  00 

JohriHik^i  U-  ^'>  MAtcrib^eJConflirucilon...,..,.*.,.., -LmiHc6v'j,  fl  00 

JLiHrp'm  Ckic  Iron -- —  .....................  .A\ft,  3  50 

Lansa'a  Aiiplied  MechuilcE,.^.. '..--..>..,.............  .flyo,  7  W 

Miirc's  Uodem  Pjjfcncata  and  ihelr  Vchiclea. ,  , , ., iSmo,  3  00 

A£ar1«ib'i  Hjuidboolcon  Tvfilhiii  UHLenitli.     (Hnu^nt.)     a  vok......  .Svo,  7  QO 

Usurer'!  Technical  Mixhutii.~a, -. ,6vo,  4  00 

JilcnilL'4  £tcTieifor  BuLldmB  uid  Dei^orHilocL .--.^. ,hvo,  B  DO 

Uanintii'i  Mtctunlcf  o(  Hfttcrifllt'---. ....,,. ,^.m, ........ ...... .iLvo,  fi  00 

*  SLicngih  of  Mfllvdaln.. ....,,.-... ......>...,  12tatj,  1  00 

IfetfBlTfi  BihI     a  UABua[  tot  Biwl-tucn,. .. .,,,.... »l3iiid,  3  00 

MofTisoD't  Hlflhwav  Eniinetrljitf--  -, ........,,.., iLvo.  3  50 

Palton'k  PrKctical  "Ttc^Ux  on  Fcnuida(iou.i..  .h'.i.i.. ...... ..»■■.  ,B*a,  JS  00 

Rice'i  Concrete  Block  UBnulAclure.. -.,... .iva.  3  00 
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XiEhBrdnLiB'a  Wsfvn  Aiplmlt  PairemEJiu -  r  - Svo, 

JUdIhT^  P^Mfftff  Ppreinan  'a  Pockpl  UqhIt  Uld  Kfrady  HritfttlCc  Ifima.fnor. 
•Cement  WBrtcrs'  and  Plaiiercrs  Etlirton  ifluildins  HDchanic*  Rwwly 

KcffTcncc  Sfaipst ,.,,,,..,,,    .  IBmo,  mor. 

Uimdbaak  far  SupcrinlmdBnU  af  CondTuctioB   .-   .  .         ..IflrnQ.  wrtor. 
*ataDe    and     Biirk    Muuint'     ErliCicD    {BuDdLajt    Mechuucs'    ReKdy 

ttefcfc[>i:e  Sctiea) —  ,    ..........    .    ,...,,.,  IQmc,  mot. 

■  lU«4'q  C|B)n     Thar  Uci:iirt«fi(»,  PrDp«rrkb,  aa-J  Uict    Kva, 

*  Rio  and  LeiMhiDiL't  Hlitury  Lff  Uu  CUy-worklng  Industry  at  Lhe  Uniled 

Suiw-, ..-..- -...- -ftvo. 

Bnbiii'f  Jniimtno]  Ani  ArtiaUc  TorbnolDfy  of  PaIdE  And  VUTiiJih„......HVD. 

fimitti'-t -Strrn^ib  irf  MalchaI .»...,.,...._,.. .  iSnio, 

ScoWi  PrincLtml  Spwiet  of  Wood  -   .- .-  ,.   ..-,,-.-,--,..-,-,..,-  — 8*0. 

Epal<llnff  K  H^ilraulii:  Cvmeni .<.....»,..  .IXiiio. 

TcAl-bubk  on  Roai'Ji  end  PAvcmoals -...,- .........',..-  ^  .liSnHJ. 

Tay'or  iifid  ThompHin'B  VTcBtifle  on  Cdwnti^  Pkin  ood  Rnnfon^d Hto, 

Tliuman'i  UautIaIi  cf  EnKinnririR.     In  Tbrcd  Fivti.   ,-,,,-  -.-.-Bvu, 

Pari  ]r     Non-TOBUELc  llALarialj  of  EngLnebring  and  If olallur^. . .  -^'ro, 

Pftrt  II.     Irnn  Md  Si»i s™. 

p4ft  in.    A  TiT^LiK  Qq  BrAueSn  BroAJca,  and  Oibcj  AUora  anO  their 

CEdiHiiuoiti - -,--r    -,--,,--,--- ..-- .flvd, 

Tillun'ft  Sirret  tavemRiLB  ld(L  Pavlmi  hUterl&lx. .-. ....... Bvo, 

TuincauTD  and   Uaurer's  PKnciplcs  of   Roifvfijrtnd  CuDcnio  Coiutmction. 

Secnnd  Hflition,  Ktviied  irtd  EnlareB^ SVQ, 

WatnbuET'i  Cenient  LabaFaicrv  Manual.,,    .  ..^.. . ......  ,.....,.  .12mo. 

Vtwd'a  (D»  V  F  TrtLatiHD  on  tha  Raaiauaca  of  Uatsriok,  aad  an  Appaadia  on 

ths  PrewTVBtion  of  Timbn - - Std, 

Woffil'i  lH.  ?  )  Ru^tlcsi  CoatiDEa.  CuiDsiDa  and  £lectii>l>v>  of  Iroa  uid 
StHl... ,. Bvo, 


f3  r» 

1  » 
4  no 

1  fiO 

3  w 

S  00 

3  SO 

2  at 

S  00 

A  00 
fi  00 
U  00 

3  00 

■1  00 

a  50 

J  00 

:i  00 

4  00 

RAILWAY  ENGrVEERIVG, 


Aadr«in'4  Htndbock  far  Str«at  Kailwar  En^ncvn. . . . . .  .i  XB  ]nch«,  mar. 

B»a-i  BukMina?  oni]  Strurtum  of  AmerlciB  Riltroftdi .4cd, 

BfuiLi's  ilaadbucik  uf  Street  RjULpoad  LocaiioD ,. ,,,...,. .  JOnio,  mor. 

BuTu'a  Civil  En^neer'B  Fwlcl-boob: IBna.  mar- 

CiandaU's  RaiJwjiy  anil  Oi}icr  ^or  lb  work  Tablo..,.., .Svo. 

Tr»nin(ion  Curve , ......,,..,  ,10fnD.  mof- 

*  CfDckeitt  Us^hQila  lar  EarChvork  Cainpnta.(ionft .Svo. 

Dredwr'it  KlxCury  uf  chc  Penjiaylvanla  Railroail.  {lS79)........^........Pttpei 

FiEbert  Tahla  *il  Cutic  Yardi .  -  ,..--.,    . ... -..,,, ..  „  .Cardboanl, 

GiHlh-m^s  Railroad  EnEineeiK'  FieM-bookand  ExDkirera'  Guide. .  lamc,  mor. 
HudHJc'a  Tables  fof  Calculating  the  Cubic  Coiiicni*  ai  Biu:aTB(kji»  and  Rm- 

bpnkmpniB -Svo. 

IveaamJ  Kilia'iFjoUlenAinSurveHna,  R^ilroaa  3urveyiJiK  nail  Geoduy 

lOniD,  mar. 

Ui^SiroT  anii  H«ard'«  .Manunl  lor  Rsldml  EciEinetfL .  IGma. 

K^Klc'fr  FicLiI  Manuil  lor  RiilrEtad  Enfiacci'i. . ................  lamo,  mi^r. 

*  OrnKk't  RAiLroad  SlrucLuraa  and  EvdrotV--,...-.---..--.-..  - .. ftvo. 

PbiEbnck'i  PiHd  Manual  faf  EnflniecrL .,... ....... ..lOiBa.  mar. 

Jlariiiijiid'»  R.aiJroaLl  EqRinccrkEi^     S  voEueilca. 

Va\.      t.  Hailroad  Field  Cianm«ry.     |In  Preparatioa.) 

Vol,    II.  ElctntfitsoT  Roilroail  fin^Qrcrinji ,.,..,. »vo. 

Vol.  III.  Hailroad  EhjcIobct'i  Field  Book-     ^Id  Fnpamiion  ) 

SaorlH't  Piald  En^nfoinf - - - .  .    .  lOmo.  mor. 

Railroad  SpkraL. - ,    --.....---.-,...-*.-.....    -  lOmo.  moi. 

TayWt  Priimoidal  Pwrnul"?  atiJ  eartbwHjrk. ._..., Ivo, 

*  Xrai]£wln«'ft  Fitli  Ftacita  oi  Lbvlue  Out  Circular  Curvn  for  RaiLroadi. 

ISmn.  Toor. 
*  McTl^ail  of  Cal^olaCinf  ifa«  Cubic  Cotitenta  of  Bncavaliofit  and  Em- 
bankment 0/  th?  Aid  at  IHaKi-ama — ..„..,... ..,..,,,  .SvOi 

Wcbb'i  Ecoooniicd  /7S  Railroad  CanatrtKlioo-.-.  ..............  .Largfl  l2mD. 

Rulrond  Con»1raclLon .. .  r  .  -  .  - Idmo.  mor. 

WeltLofLoD^b  Ecuoomic  iTwjry  ai  [be  Loc^lion  g(  RaJln'Hm-....LarBE  iSmo, 
Wikoa^i  ElemenU  ol  Railnnd-Tfac^k  and  Corutruction . .  - . , . .  UnWi 
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t  as 
fi  00 
I  eo 
a  BO 
I  00 

i  £0 

:  50 

i  00 

OS 
3  00 

t  00 

1  so 

I  00 

a  00 

3  00 
S  DO 


3  50 

3  00 
1  DO 

1  u 

2  00 

9  AO 
5  DO 
C  00 


DRAWING. 

Bb/Zr  Klfleffliilm  af  Mkchinerr - >...  ^  .>..,.,.  ..Sm,  12  CO 

*  Siirtltii's  Mpi-hmirjil  DrawiriB - 8vo,  a  OD 

*  "'                        '"                            AbridsHd  Bd .,.,.....,.,  ,ftvo,  I  Oti 

CdoIilIbe'*  MoTiLial  erf  EWwuift. ......    ......    ...Svo.  pvpfiT.  i  00 

Coolictlie  Atii!  Fr«niJLfi^>i  ELvmenis  of  GeienI  Dnllfni  ior  MKhnnLcaJ  Enoj- 

nrrci.. ...-...- .Oblong  AXa,  2  SO 

DutIe/'i  K.iiieni[iticK  of  MithinH            ... .H^o.  4  00 

Bmch't  ImtriJiluciiDn  lo  ProiKiWe  Gromotry  kqcE  |[a  Appl)c*Uoa.  - ,  --.ftvo,  2  fiO 

Prcfich  nnd  Nta'  Slcreolomv ,..^.....  ..Svd,  3  CO 

HillV  Texi-brnJj  cti  ShMf«  and  Shadow*,  »nd  P«rt|>rcnva. Huo.  3  on 

Jflmibun't  A^lvancc'l  M«)ianiEal  Drawing..  ..-......- Svo.  Z  UO 

Blemtnci  cf  UHhnitiCBl  DfuninU' ...-.-  ^  -.-....«.-  - .Bro.  2  flO 

Jonas  ^Ijichine  Design; 

PoTL  r    KmcmBtLca  of  MAcfilnrry. ..,,,., ^,, .....,, Btd.  L  SO 

Pari  1 1.  Form,  Slrrrfilh.  ami  Pra[>artiGn4 of  Partt.....^..^-. ....  .Svo,  3  00 

Kimlul]  on^  Batt'^  Machine  Design       |ln  Picuj 

UacCflrd'e  Elem«nt9  of  Dcacritpivo  Goomfllry .,^, ....... ...  .^vtt,  3  00 

KmeinQhci:  ot,  Fraclifil  K^achanitm,, .ftvo,  A  00 

NcdiAuic^l  Hriwiikit  -.,.-.-.-..--.. .  ..>.. .. ..... . .........^ 4to,  4  00 

VeJocily  E>iiLBT-i.mB .,..  ..^^,,.. _.,.,,,,--,■.„„ -Svo,  1  fiO 

UcLeod'}  Dv^rlptTTtCeometrT"- Lotba  isma,  l  &U 

'  Idfthan'ft  Ducnplive  Gcouietr/  uid  BtoM/CuCttnj.  ^<--»»h.., -.Bvg,  1  GO 

Induttnckl  Draiidne.     lllicdnpnn.) Sua»  S  50 

UaVfl-'E  Dex:rL]iE]vc  Gncnrlry ,.,.Svo.  2  00 

RHd'»  Topo^iphLcal  DTaning  anii  SkeEching ...■,-,,..,.,.. , .  .4to,  {  00 

Rtirt'i  CoiiPte  in  MpchRniml  IJrawir.c .„. .Suo,  2  OD 

Tcii-t-joli  oT  McE'biLnii:'!  Draning  and  Elojnnn Ufy  JlmbiiiB  D«nsa,.Syi>,  3  00 

Robisihm'a  PrinH^pln  of  MsdhATiiam .^ro,  3  00 

Sdnrnmb  anil  Uprrlll't  EltmcnU  of  UBcbmnlnn ...  .Svo,  3  DO 

SniLila  (A.  W  )  Liid  Marx's  Kkhjiv:  Dtaign....-..- -.8vd,  3  qq 

Smith  fl  (R    S  )  MBTiiinl  d  Tcpf.grapJikDl  Drawina      tUcMillmul  8uo,  a  OQ 

*  Titswunh't  Elemciiucf  MruhonLcal  LrAWinK,. ObUnm  Avo.  1  2fl 

W*rmi'H  DnkftiiK  lEiatrumerL^  end  Oooraiiona. . .  -.  - - ..  - .  .l^ino,  1  SC 

Elenintt  of  DrtcrtpMUS  l^wjiiiHry,  Sho/toin,  and  Pef*p«c(ive.-.  ...8vo,  B  flO 

ElsnonL*  vf  HiwhLjje  CominjciKiD  nad  Diaviiug--, .......... . . . ..  ,3va,  7  AO 

ElflmanlB  at  Plbns  ood  SoFid  FrE^tiond  Gmraclric&L  Dnu'ins. .  .    llbna.  ]  00 

Gsural  Fnt^kcn^  of  Sliailu  and  Sbadovi. . .........    ......    ...  .Kvn,  3  00 

Uanual  a(  ElrmcntAry  Pfublcm&  Ea  Lhc  Libcar  Fenpecliv^  of  PamiaaiiJ 

Shad,5w iSmOn  1  OO 

NTanua]  oi  Etemencory  FiDiection  DraKin£r ..i ..,.,.. ,  LJmo,  |   DO 

Plana  Fcxjblcmi  in  ElfmeniiuT  C«ontvtry. ,  .....................  I^rac,  1  2G 

Pfotlfmn.  TTimr^mn.  and  f^rniniilH  m  DMrnpllve  tSenm^Uj' Hvc.  2  AO 

WcLsbflijh'a    KineniBUc»    (uid    Fuwcf    uf    T'uuxiuHtpn.      CHcmjana    and 

Klein. >. S-o,  £  00 

"AMtAnpi  cH.  M  >  Topofinphic  SurvoTinp. ..._...... ...^..»td,  3  fiu 

*  Wilam'B  <V.  T.)  DcBL-ripuTtfCcmitatfT,...,... .,.....,.., ........ .....Svo,  I  00 

V        Prac-hDnd  Lfttfrinp r .............. .,.., *vo^  I  00 

Fnc-lund  PcrsyKlivc .,  .........,.....,.,,^..,.^...  .,...Svo,  2  S> 

WoQlf 'fe  EtomcalEiy  Courvt  in  I>««Hptiva  Ctomttrr . .  ^ . . . ,  ^ .  >  -  L«rB*  Syd,  S  00 


ELECTRICITY   AWD    PHYSICS. 

*  Abcce'i  Theory  M  Elcctroh-fia  DiHoclation,     (von  Eftdfl.V, ..-..,  .ISmo.  1  B5 

Amlfrhs'ft  Hmnd-bDok  foi  Strnr  Railwiy  EnBinernng,    . .  .I^xf  Inched.  lunfr  1  2& 

AnUiooy  ul4   BcBckell'i  TexL-bcvk  ■>f  Fhybci.     tMa^.>.  .  .  .Larg?  IZmOt  3  00 
AsEbony  a&d   BaJL'a  LacLuro-aaiea  vn  tba  Thoor/  ni  Electrical   UeoiciFc- 

rama........ ............ ,,l3tna,  I  00 

BeajamlD'a  HlaUiry  of  EIcEirklty. Svg,  3  DO 

Voltaic  CriL 8»,  S  00 
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Bvtta'i  Lsd  Refinlneimd  ElectrolytU. tvo.  |4  00 

ClH»en'iOuuitiUliveCb«EDiul  Ai»lr*Uby  ElKtitilyiU.     (BoLCwc»d.l.BTo.  3  00 

*CDlliiu'B  MtnuBlof  Wirel«iit  Telctmpby  imd  Tttephxmy. . , , , ]2mo,  1  50 

•  Mor.  7  00 

CTThcirv  mod  Squier^i  PolAruiiig  Photo-cliTonDBnph ...^^^^..^.^  ^.  ,Svo,  3  00 

*  Dmnnrel'i  ElectrrKhoiniitrv,     (Memam.) JZmo,  1  25 

DftwHn'i  "  EnainreiinA"  vul  Elvclric  Trmclion  Pockvl-book.  .-AOmo,  mar.  5  00 
Dolesal«!k~4  Theory  af  the  L«^  Accumulator  ISUt«b*  BHlUry),     (von  Bnde  t 

t2mo.  3  fiO 

Dubem'H  TTwrmodynAmiM  And  Chemkiiry.     {Bufccu  )r...-w  . .--.,,.  .&vo.  4  00 

Flathcr's  DyEiKmaEncten.  ind  the  UeAiamuent  of  Powtf. .......  ^ ., .  ISmo,  3  00 

GelETua'a  Intro<1uclicm  to  Pbyncml  Science. ,13ino, 

Gilben'i  He  Mji«nete     (MaiteUy) gvQ,  2  ftO 

*  Huchflft^B  AltemHting  CiumtL lihoD.  1  00 

Hering'i  Rndy  RefstnCfi  T*b1<«  {CmveniDn  Pscton] lAmo,  mor.  2  SO 

■  HobarCuid  Birjt'i  HiBh-sp«d  Dyiduio  Electric  Mochuiery- Bvo,  0  00 

HdIdiui'i  Prrcisjoa  d(  UeuufemmU -- .---  r--  --...--.. -.Svo.  7  00 

TeFncDpic  Minor-scftle  Uathod,  Adimtrnenii,  and  Tati-. ,  -Large  Svo.  JS 

*  KkTApctoffa  ExperinLCnUl  EltctncAl  EngiiiFenng ^ .., .  .Svo,  6  00 

KinibruiiTLCT'i  TcflrinB  of  CanlinuDiu^Lurcflt  BdachinBi Svo,  2  00 

Landmucr's  SpectTum  AnAlyiis.     ITingle. ) - .Svo,  3  00 

Le  Chatelier's  Hii^-temperBtura  Ueaiurcmenti,  (Boudouard — Butsch.)  tihuo,  3  00 

Lab'i  E^tTDchemulry  of  Orgmnic  CompoundL     (Loreni) Bvo,  3  00 

*  Lyndon's  Development  and  Electricul  Distrjbulion  oE  Water  Pl^wct.  .Sva^  3  00 

*  Lyona's  Trejiliseon  EleclTTnn»Hiielic  PhencimetUi.  Voli,  1  .and  JJ.  Svo,  rach,  0  00 

*  Michie's  ElemenU  of  Vp'avc  UdUoh  RcUtinfi  to  Sound  and  Ught Svo,  4  OO 

Horgan'4  Outlinn  of  ibo  Thoory  of  Solution  and  iu  Retultt-,^, ,-, .  ,-I2mo,  1  00 

*  Phy^cal  ChtmiBtry  for  Electrical  Ensine«n  ................ .12nio,  1  AO 

*  Norrii'ft  Inlroduclion  to  the  Study  of  Electrical  En^neering Svo,  2  00 

Korrii  and  DcnniBon'sCouneof  Pn>blemi  on  the  Electrical  Characteriatici  of 

Circuits  and  Machtnei.     (In  Preu.) 

*  Panhall  and  Hobart^a  Electric  Machine  Deiisn 4to,   half  mar,  12  60 

Reagan'a  Locomotivea:  SimpK  Compotind,  and  Electric,     New  Edition. 

Large  l2mo»  3  60 

*  RoKnberg'3  Electrical  EneinFerin^.     (Haldane  G«fl — Kintbruimer.).  rSvo,  2  00 

Ryan.  Norria,  and  Hoiiie'a  EleciricAl  hfochinery.     Vol.  I......... Svo,  2  60 

Schapper^s  laboratory  Guide  for  Studenta  in  Phyiicai  Chamiatir, --. ,  l^mo,  1  00 

*  Tillman's  Elementary  LeHons  in  Heat 3^X>,  1  AO 

Tory  and  Pitcher'i  Manual  of  Laboratory  Phyuvi,,.,..  ......Large  12mo,  2  00 

ULke'A  Uodcm  Electrolytic  Copper  Refiuing ...Svo.  3  00 


LAV, 

*  Breaaan'l  Kand-book  of   Uveful  Legal   Infonnatioa  for   Duilnvt  Hen. 

Iflmo,  mor.  5  00 

*  DaviVs  BEement*  of  Law................ . . . ,-..-..-.....,.. Svo,  2  AO 

•  Treatise  on  the  Military  Law  of  United  Siatw ,-,.-,,--,.. SvOh  7  00 

*  Dudley'a  Military  Lav  and  tho  Procedure  of  Courta- martial. Large  iSmo.  2  SO 

Manual  for  Courta -martial -. .- ICEmo,  mor.  1  50 

WaiI'i  Enflincerinf  and  Arcbitectural  Juriiprudence, ,  .Svo,  ft  DO 

Sheep,  ft  50 

Law  of  Contracts. Svo.  3  00 

Law  of  Operations  Praliminary   to   Construction  in   EnBtneering  and 

ArchitactUTfl. .  -  - , ,-..-- .....,.,.. Swt.  5  00 

S^Mp.  6  DO 


MATHEHATTCS. 

Bakef't  Elliptic  Functioni -..--, ,--,,-.,-,.--.,. .Svo,     1  SO 

Briggs's  Elements  of  PlNie  Analytic  Geometry.     (BAcher) ...... 12mo,     1  00 

*  Buchanan's  Plane  and  Spherical  Trigonometry ..Svo,     1  00 
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Byerley'i  HanuoTUc  Funrtloni^,  -- ----- w-,..  .^T^^^^Tt, ,  -flvo, 

Chanddcr'c  Elentcnu  al  ttfl  InfiniioaimBl  C-bIchJua,,,,  .... ,,,.,,., ,  ,,120104 

•CnRiii'Ji  Vpi'tnr  AnnlyniB   .,.-,--,.,---.    ,,--....„■,,, ...i:imo. 

CDOiLid^'i'*  Miinual  cf  Logaiitbiuic  CumputBtwiu ^ IZmu, 

*  Dickun't  C'^Uogc  Algebra -.,,.- - Lorg*  l^Rio, 

*  InimiluctLmi  lo  liir  Tiicorv  of  AlSBbuic  Biqiutiaiu  .  -  ■  -  -Lar^D  l^nm 
Emch's  InlrQ'JiKliLjii  lo  Pnjfrctivr  Geomeify  hnJ  lU  Aii[»licatlDa. . . .  .  .Svp, 

Piaka's  FuDEtiDrifi  cf  m  Complex  Vinablv, .  --- -,-.-...  .  -,  - Svo, 

Hal&teii  3  EkmfnLarv  Kvciberic  Gsnueirr... ,......, , Svo, 

ElirnLciiLi  fit  GcnueUy --,,-  .  -  ,.M4f^r-^"i"-'  -  >-> 8va, 

•  Haiirhfial  UwHiipiry ..„. -^ .,,.., ._ llmo. 

Hyde'i  GnuiniiRn't  Siiocc  AndlviiS---    .,,...,.  ^.. ..  ^^,., ,  ,.,,,,,.  ,Svu, 

*  johnKn'b  O-  ^0  Tlma-pLBca  LQgorithnuc  Tkblat:  VaAt^pocluit  tite,  pApvr. 

LDD  copiB 
*  UouaLAJ  on  huTy  cudboArd,.  fl  j<]{>  iaclics, 

ID  cDpict, 
JaEtnBon'ft  fW.  W  I  Abrtdffcd  fidiUom  ai  DiflemLial  M.ai  lattsaii  CkIceiIus. 

Largo  l^EHQ,  1  voL 

CurvB  TnnrinB  m  Cflrte»i"ii  Co-ofiiTiat** —  -..-,.- }2nu). 

DiflarcndalE^uiitiiHiB,-, .,,-..,,.,..-.., -. . .  .Svu. 

BlcmontBTy  Trentuc  aa  I>iflcrEDtJAl  Cdlculuid ,....,.,.. . .  .LAfge  IEqkji 
EJainerLtAry  Trmtiie  on  tha  Jnlfgrm]  Calcutid.  .... . . .. Large  12inD, 

•  ThctffcUcfi]  M«lianlc»,    .................... ...  ...h...  ...,.i2tno, 

7li«r^  at  Erron  and  ihe  UDiKad  of  L«»<1  S(;ijar«-r  r ,. r  - .--  ISmo, 

Treaiiw  on  lliffAFoitLiil  CoIcuIul ,,,.......  ...LtLTift  l^nia, 

Trutitc  uji  tlic  IiiLFsrAlCdkulut.  .^. ...  ,,^. ...,,-.,.  ,.  ,L«xc  l^jiio, 
T^nTiH  on  OTiiinary  nnd  Pirti"!  Difftrenlial  Hi^uftEkmi.  ..LArge  l^mo, 

EanEWtoCf'a  EaEiaeDriae  ApcllcaUoiii  ol  HiEhcr  HaChenifkCLci, 

(la  PrapWHtkin-} 
LaplBCEB  F'>iE]nKtptitcrBl  Kioay  in  Pra'bi'tailLtl&i.  jTru«DlL  and  Eraorv  )  -  lima. 

*  LuiJIqw  HncJ  Buh'i  Eltmcnti  (jf  TrijiunopxieLry  iknit  LoKuiLbime  vt-i  Older 

Tables --- - -,,..,-. .,  . ,  .Svo, 

■  TrieoDQrnpirv  acid  Tibia  published  srtnraUly.  ..,., ,  ...Esdi, 

*  Ludluw'ft  Lafanthniiu  anJ  Tjij|CEJomcLT>c  Tab^ca. .,-.....--.., Svo, 

UiKrcr-lukc^B  VtxtoT  ArialymBand  CJufltKuJont -,-,-,  ,-8vd, 

UcMabaQR  Hymrbolic  FuncllDna. ,-,-,,-.- -...-...--.-...  .Svo, 

MAnoiiie'i  IrroiionKl  S'uiQbcrfl  And  their  RepreanBatltFn  by  Gatim^cc  and 

!^iip4. -..,,-  r ....... .      ...  l^nio, 

MiitlHmtlLval   MoiiUKrhD]»<     Ettilvd  by   Muialjsk]  Ucmman   and    Rutrfl 

S.  WE^adwarl - -....-,..    ------    Octavo,  oach 

^D.  I.  Hutory  al  Modem  M&thcmatlca,  by  I>47Jd  EuffEDF  Srr.icb. 
tJD,  1-  Syatheiii:  Pigjcctivc  Gcuniaiiy^  t>y  Gduibd  Btulc  Halsced. 
No,  3,  DeterminimEt.  by  l.a*nat  GifTord  Weld.  No  4-  Hyptr- 
baUc  Puocliafls.  by  James  McMabon,  tio-  B,  Kumonlc  Func- 
tiona,  by  WiUiam  B,  Djcrty,  No.  fl.  GrasjmuirE'ft  Sfnce  AdbI)^» 
by  l^dLiard  W  llyilt-.  tJn  7  Pmbebjiily  anil  Thwiry  oi  Rnon. 
by  RubcriS- "WfKjdwjiJj,  No  9.  Vecioi  .^LialyiJiaiiiiOu'iltrr.itin*, 
by  Ato?CAndcr  MftcfojIaQd.  No.  D,  Di^erentuil  E^nalioni.  by 
Wdllam  Wooluy  Jahnson  No.  lU.  Tbe  ^lutiuri  o(  EatiaCiom. 
by  UuibfLcltl  VcriiaiajL  N<J- 11.  TuiKtumB  uf  ft  CvmplDX  Vwiabl^ 
by  TlioiiiaA  S.  Pii1i« 

Uiuier's  Techmcal  Mfchank:! .-■>.-*■...... Svo, 

Uerriinuu'i  Mcibud  uE  Leoai  Square*.  .»->■■>>■■■ ■ >- Svo, 

Soli^Iion  of  EqmtEioiiK.  -- ......  ...Svo, 

Rice  and  Johnioii'i  DUtereatlLl  uid  Intesral  CaJcuIua     2  toIa,  ia  ooe- 

LarfB  LSmo. 
ElffDVntDry  Treadu  an  tha  Difiarsitial  Cftlctiliu.  ... .....LATfa  lima, 

acdlli'i  Hlitury  erf  Mudcni  MalbecnaticL  .....  .....................  Bvo. 

■  V«bl«]  juid  [yodnu's  latraduccioa  to  tha  Real  Iqfiqltannia]  Anftlyws  of  One 
VuubEe. ,  . , .,......,.....,,......,  ..Svo. 

*  WaLqrbury'i  Vut  Poclmt  fluid-bwk  of  VulhvDBtk*  foi  Enaiiworv- 

2|  XE4  inchM,  mor- 

Wcld'H  DcEermiTiBnts. ..............h- ....Bvo, 

Wi»d'i  ELemeaU  of  Ca-«TiJlii*tQ  GAomcBry.  ^  . .....,.,.,.6^9, 

Woodward'ft  Probntullty  and  Thwryor  Erran.. .^..Svd, 
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HECHAJTICAL    EEVQirrEERIHG, 

UATEIUALS   OP    ENGINEERING.  STEA^-ENGINES    AND    BOtLERa 

BHCon'a  Forge  Pnclka,  .,,,-... ,......,.....<  ,,..,l2niD,  V]  60 

Balrlwin's  Sicam  HcAiinn  fof  Builcbnflft. , , . , ..«,...  .LloW)  3  M 

Harr  «  KinmiaEics  o[  MacbiTierv   ---,.,.,,, .,.-i,,.,., .,...,,.  .S^O,  2  fiO 

*il«rLlcll')  McL-hoakrAl  DraWJiil^. ,.,--.. Svo.  3  UO 

*  "  "  ■■       AbriJflKl  Ed.      ...    . .... ._..,  ,.evti,  I  00 

*  Burr'i  AnclcDl  ind  Modeni  Enaincerins  uid  Eha  IsttuDlu  Caiikl, .  . .  -Bvd,  3  SO 
Ctrpoitcl'i  BxtieiiiLienLAl  Eu^nccTiji^.  . .......,..,,,....,,  .Bvd,  S  UO 

KoBtiikQ  Ab'l  Vvttf  Llorrn^  Bui  !r]iTLfiP.    ,  - BvD,  4  00 

Clerics  Gm  uiil  Oil  Eheitia,     I  New  ediitonla  prM*.) 

Compttm'a  Fir^l  Lcuoda  la  Uelal  WorVinjE.  .  ...  ..........,..,.,,,,.  ISnio,  t  GO 

Cam[>laD  and  Dr  rFTOodr?  Spec*]  Lxlhr   .  .,  ,, . .  I2ma.  I   AQ 

CDolidfic't  Monunt  of  Drmwing- .---------  .^.. , . , 9va.  piper,  1  OO 

Ctxjiidse  ^n*i  pTccmvi's  ElBumCi  dF  GvBn^  rh-sfiing  for  UecHuniral  Kn- 

Kineefs -,--,.  ,,-,,.  ,-- Ot>knis  4lo.  ^  BO 

CnjmwvU's  TicaLiK  ud  [lch;i  ailiI  FuIJora - -IZcnu,  1  W 

TreaELw  on  Toolhed  Gt^nfina.  .  ..,..  ,...,...  ^^  .^ ...  ...  ..  ..^.  .llrao.  1   50 

Dineev's  MHChlncry  Fatlem  Mmvinj ..I2taa.  2  00 

Durlcr'^  Kiarnutita  a£  UBchldU ,  ^..,,  , ,  ,  -  -1  - .  ^ .. . .  -  -  -  .SvD,  1  00 

Fldfi^lerg's  Geflr-rucrtog  Murhins?. .....,,  .iMtge  llmo.  3  00 

FliiLher'&  DvnArrtoiTtFLerA  uid  tlie  M«Aurcmait  of  Ftjw^r,  ....  -^,,.,-12iiia,  3  00 

Rope  Dri^4n£.  . -,-,,,.- --...,....,...,.  ,_._,|Jdio,  2  OC 

GlLI's  Ga.^  0Tiii  FlifI  Anilv^ia  (or  Erufinpen. .  i'2ma.  I   Tfl 

GoH't  LocifDiaLlve  3iNu-k9 - ,..,.,  r .....  ..^,^..^^.. Svo,  2  00 

Grvcne'i  Pumpirp  Hachiner^.     lln  Pipp»f»lion.) 

HerfDfl'i  Rudy  Refflmte  Tabia  (Coavenioa  Futon). .  ^  ^ lemo.  Trior,  2  SO 

*  Hobart  and  (lUit'a  l[Lgh  Speed  I>riU4a4j  EL«Inc  U^hlncf), wHvu,  a  DO 

HulLon'fl  Gas  Engift*.  . - - .^^ , .  , .  ,  .Svo,  £  00 

JftiaiBon'B  Aijvatlcr]  M«lianicid  Dthwihb,  .^. ...... ..,, ,Bvd,  2  UJ 

ELemfliEs  of  Mcctanical  DTawing   ......  -....  .  ......  ....i-...  .-Bvo^  2  CO 

jDn«9'sGflf  Evni^ne    -,  ..,- -_.. .Hva.  4  00 

Mvhlne  [^iK'i. 

Port  1.     KlnemHEin  of  UocliLnefr''  -  ..--.*.'.. .•^"•. ■..•--. ^..  -Bvo.  1  CO 

Fart  U-    Paim.  ^^ren^th,  and  Froponlonfl of  Firtt. ...  ..^......ara.  3  00 

Kcnl'b  MEthnnicbl  EnfiinTcr'a  l^lul-fioolf.  ,,,i-t-,i---i  i_.,,  16ino.  mnr,  fi  00 

Kbt'i  F'owpr  nnd  Power  TrnnBmisaion-  , , ....  ^.  .Btfo.  3  00 

KimbBll  and  Qan'&  ilMchmc  DeaiRD.     (la  FmL] 

Levia's  Gki  EnginC'     {Ln  Preu  >--  -  ---.-,  r . ...... .....,..,,.., ...  ^Bvo, 

LRHiard'A  E^achinc  ShoEt  TonU  Aud  Mfllhor]^,  , Hvd,  1  00 

'  LorcDa'a  MdJeii]  ReEiiKCTminR  AJachincfy    (Topct  [[■?«.  uad  DeBD),^SvD,  i  UQ 

MacCiii'i'i  Kineniiiiii:^  ^  dr.  Fraciical  MecbaniBin. . . . ...... ..,.,,-,,.  .SvD,  £  DO 

Mpr-funlcfll  DravLriH.  ..................  ..^... ...>..  ...4ia,  *  OJ 

VrliKLly  [JiAKriiJELi .SvDi  1   00 

KocFat^^nd't  Slindard  Rdduclicn  FadDn  far  Gaiii. .,,...,..  S\-a.  1  GO 

JAahaa's  Indu&inal  DiH^'Ing,     ^Tbcnipion. ). .  - . .,Bvd.  3  fiO 

Uehrlen^'a  Caa  Engine  Theory  und  Design. -  ............  < . .  ..Lmr^  I?nui|  3  DO 

ObOB't  Handbooli  oS  Sirall  Tool*. Lar^e  l^na.  3  00 

■  EWihaEl  ud  fJtrbuL'a  Elccuic  U^irhmc  iJaiipi.  Soult  iLo.  tuU  Lutber,  13  00 

PttAt't  Comi^fcasoJ  Air  Planl  for  MiitU ,Sv4.  3  OO 

PodIe's  Calonhf  P'nwer  ot  Fuels  ..,..,.,..., .., ,.„.*vo,  3  DD 

*  F'ul-lrr'i  BntijiccmiK  R.ejiiinuc Cntca.  l^M  to  ISBA.  .i->.ii>*..>....-S'vtf,  3  DO 
R?id'(  Course  in  MfchanicnE  Dnwing. .  - .^......  .9'o.  3  00 

Teii-boik  of  MrcbuiiciLl  Drawing  and  ElBnoituv  lifKchiaQ  Dvalfn.Avo.  3  uO 

JUcharilj'i  Comprcned  A^,  .- .  r    ,  ,  -  -  .    -  -.  - IZnut  1  fiO 

Rr^Sinuir's  FrlnciplH  d)  MK:hiinii<[Ti     - . .  - K^b^  3  00 

SchxiBnib  Hid  MeitlII'i  ElvmsiLsal  MnbanUm- ,Svo,  H  00 

£pulh  <A.  W.)  fLnd  MvK'q  Ujhchinc  D«a«ii. ..Stu,  3  DO 

Emilhs  (O  i  PrMK-ivorlfiTii  aC  W«uls .....,,....,,...„ -,aTo.  3  00 

Eonl'b  CArburcEinjf  flnd  ContbiuiLDa  in  AkvhvJ  Enainf      IWoDdivvd  aad 

pTHOia.J ,  .Lue*  ]2mQ,  3  00 

Gtorwa  FmcilcaL  TcallDe til Gv  utd  Gaa Uvtcn.  >......*.-.. r ...,., . Hvo.  ^  5a 
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TfaunHm'i  Anlnul  as  BXvlUnc  anil  Prime  UotQr.  and  lluLans  of  Enem  tics. 

l'2in\i. 
TreDfiif  nn  Kh^^iion  and  Ld«i  Worlc  in  Maf  hin^ry  »iid  MiLI  WotL.    .  Kva, 

*  TLIJ&on's  Cdiniiletc  AuUiiTii>bl^c  JnbirucLor. . .  ^  --'.  -  ^ .,,,...  ^ , ... .  ISmo. 

*  TiLsivi/rih')  l^tcmcuti  at  McchukicBl  DTawtrift- .  - , . ., .  .OfalcnE  Svd, 

Warrpn'a  ClcmBnti  at  Machine  (Tcifl i. tput iLfin  And  Dmnrlo^  ...  .ftvo, 

*  WntcTburv'B  Vat  Potkec.  Han'l-tMiDlt  of  UatbemAJci  for  EncunHra 

£lX£|  in<-ha<  mor. 
Wci^Jir^h't    Kirt^mAfifi    inrl    thd    Ponb^r   af  TVinHiniiiiiiB      itleftmann — - 

KlciTij      .. , .....fivo. 

MihihiiLbfy  oi  TruiAniMiaD  tm!  GoveTi»n,     (Hemana — ICIutiO,  .9vb, 
Woad'B  Tiirbinca.  ..  ^..., .  .^..^. ..^...  .....^.Rvo, 
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UAIERIALS   OF   EHGinEERinG. 


"  Qovcy'j.  StrcnS^H  «F  Uatctiak  And  Tlinufy  af  ScmcCuna .,,..,  ,KvOi 

burrl  ICliuiii^itv  anil  Rpsistani:^  dI  ihc  MBtf7iil&  al  Kn^nf«HnB.  -- .  -  r  .%\^, 

CliuiTh'i  MochBTik^^  of  Cn^iDceniLjt -..-..    . ,- .Afo, 

•  tir0«i1i;'i  StruLlLirBl  Uerhnnica  ....,._..,,     ,.-. _ fivci, 

*HD)]rv'^  Le^'i  anil  Zinc  rtamenct ^  , ., , Lar^  L2nio 

Holirv  anil  LaiU'v  An^lyni  of  Mixed  IVict*.  Calor  PJiinEAtii,  JinU  VArnialiDi. 

JulinvJn'i  (C-  M.)  Roi^i*]    M^lhodft    frir    ihe    Chrmlcal    Anairals   ol    Special 

Slocti.  brat^M■kine  AJLoya  and  CjvphLLa  , Latb^  Jifmot 

JdhfiJHiii'i  (J    B  )  Main-tall  of  (TDDstrbckLan. ttva, 

Kec}ti  Cast  lion.     .    ...  . ...^..>..^.  ,Hvq, 

LFanaa's  AppIL^n]  Mcchanif< -------..-.■-.,... ......  .,^ fivo. 

Moin^i  Mcdpm  Puinpnis  ancL  iKcir  Vehicles. ' l?mo» 

Mbrtem'5  llamlhoH^L  cm  Tenting  UaleniitB^     (KcrmiDj.}. -Svo. 

Thlaunr'fl  TechknE-Kl  U«:banic4.  .  ,    i..^-.-^.^ --,-,,,-__.,  .  .Svo, 

MtrniiDon^)  MH^ignk^  of  MalerJtl*. ., ......^ .  .flvo, 

•  Slrenifth  ai  Malciiflli. ..^_ ....,, -XSnc 

MelfKir-i  SIbfI      a  .Uantial  lor  StiwUiisn-fi .1?iik\ 

SftbJn'l  Jn'ruiTiiul  iiii>l  ArLltiL:  TtthiioLo^  of  Faaol  and  VamlAh-  .  *.  .  -fivi>, 

Sp3ii.h*d  K A-  W. >  MaifH^ln  of  Mo^hioH.  .- .--,-,. .-.. .., Jlmo, 

Smifb'i  (K    F.  t  Mrenutli  cf  MairriHl.. .....12inD, 

^liuntar^'ii  Uotrriftla  irf  En^inceT'LiiK  - .  -  -.  .-  -^.-.^  ......  ....3  vqIl,  Sva. 

Port  T.     Nrnn-TTielaHic  MaCtnalK  aE  KnflirLHriiiB,  -.,...,,,._ Svo. 

Port  11      Irtm  uid  Sitcl - -  -^  ..--.....»»..,. .^.. .  .^vti. 

Pin  lU-     A  Treatise  t>n  Qebkcs,  firomcB,  and  Ovbv  Anor*  tbOil  ihciT 

(.'an^tiliwni4 Hvfl, 

WoDiJ'i  (I>e  V.)  Bltinencsof  Anaiyiiial  Mechaoici .-..„.,  ,Pvo, 

TnatjH  (■<■    the    RenirUncc   ot   Uatenftla    ftnd    aa    Appeadix  on    Lha 

FrHPrvBlLon  of  Tnnbpr. .ftvo. 

Vbod'*  (M,  1'-)  Rustlcia  CoaLlqsi;  CorTonion  mid  l^lcf  trolyiia  of  Iroa  and 
SlW. 8vo, 


-  RO 

T  fill 

A  EMI 

9  EO 

3  IM 

3  SO 

3  00 

n  (H> 

2  rto 

7  50 

i  Ull 

T  no 

4  00 

a  00 

1   00 

V  iv» 

A  nn 

I  00 

H  00 

300 

3  AU 

3  50 

3  00 

3  00 

4  00 

STEAM-ENGINES   AND   BOILERS. 


Btrry't  Teniperti»iir»-«itrop7 Diaflmni.  . , .....lima*  3  00 

CaraDt'i  RcUvclLonson  Che  Motivo  Powo-of  Heat.     (rhumonJ.  -,..lZino,  I  60 

Cbmc'f  All  of  Patitra  Mflliiiis., .-.--- ., .I2infl,  2  £0 

CrHffhiiin'K  Srvam-npioF  ami  other  Heat  Uotnn ± , 8ifa,  S  00 

Dawtun'a  "  Sngijitriin^  "  ami  EkxLric  Traction  Poclwt-ljcDli.  .. .  lOmo,  inur.  B  00 

Ford't  Bniler  UjtWing  fyr  Hoilcr  UnbHrh.  .      ......,,.,..,.._,...  .,__lSin^\  I  DO 

■rffMiUfh '^  Siffflm  FnwpT  Piani  EnpncBln^, ............. ......  ,.,.Hva,  6  00 

Gov't  Lrfx.'ooHiEivc  I'rrliPrJiLance-  -  --  -      — ...,,. ,  .  -Svo,  i  00 

HemvuWBy'fl  Indicator  l*rai:Eu:»  art'l  Sl«i-n-aasiiia  Evofioiajr ..,  Jima,  2  00 

HvCEmt'i  Heat  and  Hcil-DtiGlnei,  -  ---.-..-..,........... ,. Svo.  fi  00 

Uechatikal  QnginnrinaDf  Pukct  PlanU.  ... ...Bv(r»  S  00 

Kffil's  Steam  builer  Economy.. Svo.  A  UO 

H 


KoflUt'A  Prmctinuid  Theory  of  ihs  taJKloT, ..  -^ ^ . . . . .  ,8va. 

UacCard'a  SLds-VHlvcs. -^..- ,.. ,Svo, 

Utyei'i  Modem  LDcomodve  CoiutnKtioiL ^ .  .4to, 

Udvw'i  St«Bni  TurbiDB --.,-,,,,..-..-.....,.,..„....,  Svo, 

Fokbody'i  Munul  of  the  Steua-eiuuia  ladicstor.  ..-,.., ^  - . . .  12mo, 

TabLoa  o(  Cbs  PropfltiH  Ot  Slcwn  wid  Othet  Vapon  uid  Tnnperfttura- 

Bntropy  Tftbit  , -,.,--,-...-..  Bvo, 

Tbermodynamics  of  the  Stcam-oijEiDe  and  Oths"  HeiL(-«aglae9,  .  .  .8td. 

Valvt-flean  for  5teun-«Kiiia -,,--■■■  ,8vo. 

Poabo'ly  ADil  Uitlcr'a  Steam-boilen ^.  ^^^.  .  .  ,Svo, 

Pupia'H  Tlemiadyaftaucfl  of  Revenibte  CyvLca  in  Gaicfluid  Satuntvd  Vtporf- 

(OsterbffK).  . .- - -  IJow. 

RffflSBfl'i  Loconu>tiv«i:  Simple,  CompDuod,  mad  Blectric-     Nov  Bdition. 

Itmrgc  l2mo. 

SlncUur'i  Loannotivo  £nB^«  Rnonbxff  tod  MiuiAaemnit- .....-, l2mo. 

SiHATi'i  Kundbook  of  EnBineerinK  I^borfttory  Prutkce. 12dui, 

Bnav'a  SEFam-baLlcr  Practice -..-,..-,.,-..  -8vo, 

Spangter'H  NuU«  an  Thcrmodynamin l2ino, 

VHlvfl-ffBua. ^.. 8vO. 

SpuMfler.  Greene,  and  Mu-Bhjil]'9  Elenwots  of  Stettm-encineeriDg.  .  ,  ,  ,  .  Bvo 

Tbomu's  Sl«Tn-Lurbuio9 ...--.--...-.--..- - Svo. 

Thunlon'i  Handboolc  of  Eneine  v\d  Boiltr  TrinlSt  pod  Ibo  Uu  of  the  Indi- 

CBloT  end  the  Prony  Brake,...,... Svo. 

Handy  Tnbl« &vo. 

Manual  at  StFam-boilenn  their  Dcsiffna^CDfumictiont  and  OporHtioo  8va, 

UaaLial  of  iha  Stoaro-engiQo. -.......,..,,.,  .Svoli..  8vo. 

Part  1.     Hkatory,  Stnictun.  and  Theory 8vo. 

Part  II.     Deaign,  CoutruCtion,  and  OperalioD ..,..,,.  .Svo. 

Steam-boiler  ExplDuoni  in  Theory  knd  in  Piaclke ...,..]  2ino. 

Wehicnfenninji'i  Analyds  aod  Softealn^  of  Boiler  Peed-water.    (Pattenoo). 

Bvo. 
^eLsbitch'i  Heal,  Steam,  and  Steam-edflina.     (Du  B^iO- .  --. ...,.., Bvo. 

Whitham't  Sleam-enaine  DeafiLr ..,.,...,..,...... .Svo, 

Wood'a  Thermodyoamica.  Heat  Motors,  end  Refricentuif  Machines. .  .8vo» 


HECHAjnCS  PURB  AHD   APPUED. 

Church't  Mechanics  of  Ensineenng. ..  ,.,....,...... .Svo. 

NoteA  and  Examples  in  Mechanics. Bvo. 

Dana's  Teat-book  of  Elementary  Mechanics  for  ColLcgu  Imd  Schools  .13mo, 
Du  Boil's  Elementary  Principles  of  Mecbanici: 

Voir    Ir     Kinematics- , , 8vo, 

Vol,  U.     Statics  ,-,..,,.,,...- .,  ,. Svo, 

MechaoL^sof  Enaineflring.     Vol,    I-. .Small  -tto, 

VoJ.  II Small  Ito, 

•  Greene's  Structural  Mechanics. .,.........,.,,..,..,. Bvo, 

James's  Kinematics  of  a  Point  and  the  Rational  Mechanic*  of  a  Particle. 

Large  l2mo, 

•Johnson's  fW.  W.)  Theoretical  Mechanica -l:imo. 

Ltuiia's  Appiicd  Mechanics ,8vo, 

■  MaiEin's  Test  Book  on  Mechanics.  Vol,  1,  Statics. , . .  12mo. 

*  VdL  II,  Kincinatici  and  Kinetics.  1 2n]0 

Maurer^H  TechnicaL  Mechanics. .Rvo, 

'*  Merriman's  EJements  of  .Mechiuiics I2mo, 

Mechanics  ol  Materials .  - Svo. 

*  Michie's  ELemenls  of  AnalytiCBl  Mechanics Svo, 

Robinson's  Principles  of  Mechanism,  r . . ,Svo, 

SanbonL-t  Mtchanica  Pfnblcnii Largs  l2nio, 

Schivamb  an  J  .Memll's  Elements  of  Mechanism.  ,  .  ,  . ,  . Svo, 

Wood's  Elements  of  Analytical  Mechanics Bvo, 

Principles  ot  Elementary  Mechanics. ...--..,...,,..,,...,. tSmo, 
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ICEDICAL, 


■  Abrl«rluld»'i  nt^flbffial  CbBfnltirr  In  TbSrty  L«ciur«,    (HaJl  and 

DcireiL). - ,.  .9V9. 

rer  B^hrinB'*  SupimulDn  af  TubprpukniiL     (Botduu.} -,-...-  l£mo. 

BoMuB[i'«  Imniune  fyvrt.  .  -  -- -.,,..,..  .^-^. .-  .^,^.. .-,.-.  I^inu, 

BordcL'B  SludicA  in  Immunily-     iflay)-     ^In  Pr«aiE.) ....  - -      .  .  -*iro, 

Daven^GriK  Siaiuiicar  Mcihods  viiih  SpcciiiJ  RefvTBiirc  ic  BuiloBicAl  VuiA- 

liuna.     ...        - ......  r .  - ,  , , ,  -  -IQmo,  mor, 

Ehrlich'B  Callhiipd  Studies  tm  ImmuDityr     (BoldUBn-} Kva, 

■  PlKtirr"*  PhysloloBV  q(  AUmojuiicFn -. . .....Lttrst  l2vi<t. 

dtf  Punbi'a  Uan'.Aiil  i1  P%>chi«hLrv      [RaunvFT  And  Calliiu  ) L*rgc  I^idOh 

HammAnEen')  Trul-bonk  On  Phv-aioJfiBical  [Theimiiry.     (Minflpl.f Hvo, 

Jukwn'i  Dircclriins  fuc  Lpbonlarj  Woik  m  Phyaiuloff**!  Cboiflbi/ y , ,  Bvo. 

LuBB.r-Cohzt\  PrBcCtL'at  Urioary  /uMlytii.     {Lorfnt.) l^mOn 

UuidflK  HamJ'tunk  for  the  Hlo-diFTDicA.!  LAborHLory.  .,.^ -.  :2Dia, 

*  Paulia  Physical  CLnniBUy  in  the  Service  of  Medicine      (PLocbor.^  .rl^mo, 
'  PrmirEicoi'B  Tojinn  »nd  V«norr*  ami  their  flntibodie*-     (Colin.)   ,  l^mn. 

RuiiEiski'b  ScruiD  DiHjiDDHiB,     (fctdafii].) » ._. iZmo. 

RuJdimon'i  lncciii]p4iibLliti«  in  Pmcjiptunfi..  -.>.......-■  .,-.^ ,  ,.-Bvd. 

Why*  in  PhurmwT-  r  ,.  - --.-,..-,,..,,,-,,,--,  l2mo, 

Sftlk^iwakl'i  PhyBialuKiul  and  raCboI^iKlcal  ChcmbUy,     (Om^rC]  -.     Bvo. 

*  S4tferlH'v  Oullincft  ot  HuLnikn  Eiribrs'aTDey.  -  .  . .  - ,,...,--,,  l^mDn 

Smltb's  Leclura  fivtn  on  CheriLuLry  tar  Denul  Sludcnu Hvo, 

*  Wbipplc'a  T>'bpoL-]  Pcvcr. . .,,-,..  ,.>..>  .m...^, ...... ..  ...L«r|e  LSmo. 

WoodhiiLl'5  Maif^  cm  Vjiixary  Mytieoe, -,-- ..  --_-., ,-  IfliflO, 

'  P^ionU  HvriicTiFr  ---..--,,.-.- - ..^ -.-iZmo, 

WDn:«IeT  and  Atkiaton'i  SmilJ  Hruf^ilalt  EBUbliahmait  and  MbintaiLance» 
and  Suiiimknu  for  HoftpLUl  ArchiiHlurr,  wiih  Plani  for  &  ^rnnLI 
UoBiiiuL  ■>.  H  ..,».><-.,'  > > , -  iZnutp 
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METALLURGY. 


3«tU'4  L*flri  RsBnine  by  ElHtrfilyii&. ,  .  .,Bua. 

BotUnd'o  EncyclcpcdLfi  oi  Pounding  UDd  DJcilufury  of  Pgund^  Tumb  utcd 
bi  lb*  PrucLice  of  UouldiiLB. .  ,  .,.,.<...,.,,,....,,.,,,,..  13i?Dh 

Iron  Foundct. ..■■....,.,.■,.,  ,,.,l2inQ, 

"  "         Gupplnment. ...>....  ^ ...  .^ ..  i,.. .  IL^map 

Dauclag'i  Untschnital  ArldrH^n  qn  Tvctinkal  SqbJKU, l^mtt. 

Gocwl't  MinirraU  and  KrlaU:  A  RGii:TcncD  Bock ..^^.  .-.JAmo.  mor. 

'  llo'ii  Lead -Ain  el  ting .........,.....,..,.,,,......    ...  .Jifmu, 

Johnson*    Rapid    M^lboda   tor    Ih?   Chemical   AnaJyiii   of   Sji^ckBl    SthIs, 
3li» I- making  Allays  and  GiaphLie.  ± ..,.,..,.,,,-, .  .LArie  l^uiD, 

K^tp'i  Cast  IfDB ....,...,. ^19. 

L4  CluleJler's  tllizb-le&peralurE  MfafiurEniaiu.     (Boiiitauard'^BursefB-) 

lletcfllfa  SiteJ.      A  Uinual  lor  SlMl-uwr*.. - lliao. 

IdiikFt  ti  ProcFxwtlon  ol  Alumlnuni  anfl  in  Indti&tiial  U«e.     (Waldo.l, .  I^mo, 

Rijer'9  Elcmrnis  cf  hl^EflClop-aphy.     (MaihcwKm).. 8'd, 

Smilh'*  MniFTJali  fif  MBEhine^ ..._., ,,.,,.--_,,,.,,..  .13mt>. 

Ta[c  fijii  Sujna'a  Puuikijry  PruUie. . ............  ^ .Umai 

ThoHtDi]'!  HjiterLalc  of  Bn^nearinc,     In  Tbm  Put«.  ,...,,,.....,  ..Sv». 

Pan  r.  T^on-racLaLJicL  Uattnaln  oE  EnirinrtPnB,  Ac  Civil  Bneiiwennv, 
paso  B. 

Part  n.     Iron  and  Sl»]- Svo. 

Pfljt  in.  A  TiFftLlte  an  Brana.  Bronia.  and  Oiba  AUoyi  and  tbnt 

CoDBtiLkLCEIla.  ............... BVD, 

Ulke'a  Modero  ElHtfolytic  Copper  Rpfirint-- -  - ---"  ■-' -"  r  - -Bvn. 

Wm'i  American  Pi^undry  FracUic.. ISoia, 

UoUden^  T«tt  B»k. laau, 
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WHERALOOT. 

nbAlcervllle'H  Cheinicfti  E1«neflU-     (In  PrepariLdoiir). 

fiovd't  &f  Ap  of  Soulhwesi  VireiTiift^    ■  -- - Pocket-book  form.  12  00 

"  Browaios'i  InlrvJuctLon  to  the  Ratct  ElcmenU. .Svd, 

BniBh'i  Muiiul  of  iViermiiuLive  Minenlosy.     (Penfield.) Svo, 

Butler'i  Pocket  Huid-book  of  MincrmU. - . .  - - . l4mo,  mor. 

Cbaiter'i  Caulopie  of  Minenlir  ^..-..-^.-^..^.,--.--.,^..-.  .Bvo,  paper. 

Cloth. 

*  Cruie's  Gold  and  SiNer ,  - 8vo. 

Dvik'i  Fifat  Appendix  to  DanA't  New  "  System  of  HinermlDiy  " .  .Lvgt  Bvo, 
Dana^i  Second  Appendix  to  Dana's  New  "  Syviemot  Minenlosy." 

Large  Svo, 

ManuiU  of  MLnenlofy  uid  PetTi>graphy ]2mD, 

MLnenla  and  How  to  Study  Than - [2mo, 

System  of  MinerahiBy -  - ---  --  L*rae  Svo.  half  leather. 

Text-book  of  MineraloByr , - Svo. 

Doufflaa'a  Untechnical  Addrouefl  OD  Technical  SubJKti.  , .  .,. l^mo. 

E*kle'B  Miner*]  Tablet , Svo, 

BckFl's  Stone  *nd  Clay  Producta  Used  in  Enginca-uis.     (In  Preparation). 

Goesel's  Minei»la  and  MeUU:  A  Reference  Book . ,  Ittmo.  mor. 

GToth'i  InlToJuction  to  Chemical  Cry«tBllo«T*phy  <HanhAl1).  . l2mo. 

■  Hare^'^  Handbook  for  Field  GmIobibu Ittmo,  mor. 

Iddin^'H  lEneoui  Rocki.  .  .  .  , ......,..,..,.,..,.... Svo, 

Rock  Minerali,  .  .  ,  -  ,  ,.-.,-.,,-...- ..,,.,,.,.. Svo^ 

Johaonsoi'i  Determinalion  of  Rock-formlflB  UiaeraU  In  Thin  Sections,  Svo, 

With  Thumb  Index 

*  Uartin'i  L«bor<Ltory     GiUde    to    Qu(Ult«Iive    AnjUyaia    with    the    Blow- 

pipe  , ,,13ino, 

llerriirs  Non-mela!lie  UineraU:  Their  Oecufrence  and  Uaei- .,..,..,.  .Svo, 
Stones  for  Bnilding  and  Decaration. .Svo, 

*  Fenfield'fl  Notea  on  I>F(erminative  Mineralogv  ^nd  Record  of  Mineral  Tests. 

Svo,  paper. 

Tables  of   Muierals,    IncludinR  the  Uk  of  Uinerali  and   Statistics  of 

Domestic  FroduClion - ,  - Svo. 

■  Pirsson's  Rocks  «nd  Rock  UinerKlA .,..,..,,,..,.. l2nio, 

*  Rjchards's  Synopsia  of  Mineral  Characters ]2mD,  mor. 

*  RJes's  Clayi:  Their  Occurrence,  Properties  and  Usf« Svo, 

*  Riea  And  Leighton's  History  of  the  Clay-working  Industry  of  the  Unjied 

States - Svo. 

*  Tubman's  Tejtl-book  of  Important  Mineral}  and  Rocks ..Svo. 

Waahinjlon't  Huaitfl  of  the  Chemical  Acalyni  of  Rocks. .Svo, 

1 


unnifo. 

'  Beard's  Mme  Gases  and  Biplosions. ......,..,...,  .Large  12mo.  3  00 

Boyd's  Map  of  Souihweat  VirainlK Pocket-book  form.  7  00 

'Crane's  (Jold  and  Silver 8vo,  5  00 

*  Index  oi  MJninB  En£ineering  Literature..  ......,,..,. Svo.  4  DO 

'  Svo,  mor.  5  00 

DougUa's  Untechnical  Addreuei  on  Technical  Sub;ecls. l2nio,  1  00 

Bissler'a  Modem  High  Eiiplosivfs Svo,  4  00 

{k>eserK  Minerals  and  Metalsi  A  Reference  Book l6mo,  mor.  3  00 

Ihliena  B  Manual  of  Mining Svo,  S  00 

■  Ilea*  Le*iil  Smelting J2mo.  2  fiO 

Peele't  Comprcfised  Air  Plant  for  Mines ,,...,.. Svo.  3  00 

Riemef'tShaft  Sinking  Under  Difficult  Conditions.     (Coming and  Peele)  Svo,  3  00 

■  Weaver's  Military  Explosives 8vo,  3  00 

Wilton 'a  Hydraulic  and  Placer  Mining.     2d  edition,  reAntten.  . .  ....  ISmo,  2  AO 

Traatlie  on  Practical  and  TheoreriCBl  Mine  Ventilation 12mo,  1  25 
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SAHITARY   SCIEWCE. 


Auoeialion  a1  SibW  ami  NvloTU.1  Food  and  Dairy  DftpmrtTnenta,  Hartford 

M«tiD*|.  IWW .fti^,  t3  « 

JamcilowTi  Weelina,  IC07.  ..      . Bvq,  3   CO 

•  BASliDrei  OucUiL^cF  Pmi^[ii:tl  SimEaiion. ,....,.,- '--l^niv.  1  U) 

SBnit&tian  of  B  CoUDlry  HoDK   ISlOt  1  CO 

SaniFition  cif  R^rrnitLDP  Camt*  inc!  PttitE     .  ..-.    .-.-.--  -  -  r  -  A2ilUt.  \   00 

FD3wfM':i  S^vtio^.     4 Deigning,  ComtnicUDn,  aaJ  MuntcDancCr).  . ,  ,.Bvoi  5  00 

Waier-iiupply  En^inarina   .  ■  ^ -^ .  ,.,^^.  ..^ EL^rt.  1  00 

Fnwkr  »  Sf WB»p  Works  Analywi. .IJmo,  2  IJO 

Puritri  i  Water 'filEraLiun  Wurkn.  ...  .^  .,  .^.. ...  ^. .............. .  .l2iao.  2  fiO 

Wilcr  and  Pjiblk  Hsalth.  . -- \2mo.  I  SO 

GfTharils  Gmclf  id  Sanliuv  lnfip«:tlDn*, -,....  ^  ^  .■-, ......  ►-...-.  [3no.  I   fiO 

*  Modem  Baths  «nd  Siili  Elouua.,  ,....,-....- -.. .-  ,8^.  3  00 

SanilBTJon  of  Pubtic  liijilrlmip -...,,,.....,- lamo.  I  W 

Hjiz?n'«  Clear  ?'airr  uiil  Haw  to  Gal  ll. . .  .  ...^.... ...... .  Large  I3ino.  1  CO 

FjLtmrioTi  at  Publ>c  WalcT  aupptin.  ,.,..,  ..^ Avo.  3  CO 

KinmtLir.  WinsLnw  atii\  PraiL  t  FuniiLaiJiin  of  SavAV'^     l,ln  PrtpBraEinn.) 
LvikIi'k  Inftpct-tion  *nJ  Anal>-iii  tf  Pood  nitlk  GpccUC  Rcftroicff  Ur  Statfl 

t*aii  irol ,...,.... flvfl,  7  fiO 

Mason's  Ei&ininAtbn  of  Water,     (ChcmLcHl  jldeI  BirtertoUiglult  ■--.  iSmo.  I  iZ 

WaL^r  eiJp{»L>".     iCanhiiio^  priarlpnll^-  fram  aSanilarj'  Btaad point}. 

B™.  J  00 

•  MfTTiman'f  Elrmenis  at  SaniLary  EnL^nHiinfl --.,....,. 8v9,  2  00 

Oadon'fi  Se^er  Dc^pn.  -,      ,- -,,.-., -ISma,  2  QC 

Pimtmn'*  DT^r^TJil  of  MuTHcipaL  Befuw hvn.  2  M 

FtcVQU  and  Wtntluw'e  ^IcinTrTsoE  Water  BucCTTLDlq^y,  niLh  Spcdiii  R-cW- 

Hit*  (o  Saiuiar^'  Waivf  AqaJyaJL ...--.......,  LSman  1  50 

*PTlce~E  HaniboDk  on  SiuiLoitiaD.  . , .  .^. . ,  ^  .,. .  |2mD,  1  00 

Bicbflfilk'A  Cudi  o[  CIcaiutEU .....,,.. .,^.,,..  .tw^.l^fia.  I  00 

Cc«[  of  Four)       A  Siiidy  m  nifUnK -,,.- IJmo,  I   !« 

Cu»i  Df  LIvine  u  Uo4lLl1«]  by  Sanitary  SciESce. .-  >■  ...,.r  ..^^..l^mo.  I  UO 

CoE[  Ol  ShctlPT   ..,.,,     ,..,..,,,.,..,... .I3l710,  I   00 

•  Elcliauls  antl  WilTiamV^  iJiPtsry  Cowputfr.  -,-  .....,,,,,-.....  ...Svo,  I   AO 

KicLai-Ji  ant]   TTwilntui'i  Air,   WaIee,  aad  Fovl  from  ft  SfMiiUry  SUml- 

pflini ......    .... . .  Svo^  3  00 

•Rlchey'i    Plumhen".    Stcarn-fitleri'.  Kid    Tlnn«n'    EiUlian    tBuildiPH 

Meuhar.icB'  RraJy  Reference  ScduJ.  ....  ,  -^.... .....  lAmo,  jnur.  1  M 

RiilHDl'v  DiiDTifrvtion  and  ihe  Prp*«-v[,iioci  ol  Pood ........   Him.  A  00 

Scwdifran*!  Buteital  PurilkaiiaD  of  SrwagV.  .<  .^.i-*. ' ......  ..-^va.  4  00 

EoMr's  Air  and  VenEilntLun  of  Subumya.  ..  -..-.....f........-- ....  l^miii  2  &0 

TuriMurc  and  K-j^'k^Mi'  I'uhhf  WalpT'iniritiJm - -.  ■   Sv^i,  a  iXl 

VoiBbtcs  CdrbaKc  Crcmaunica  in  Amcricii,  .  ,  .  ...................  ..^vo.  2  00 

Uprhod  tail  Devic«  for  ButteriH!  TroDimeni  iif  ScwHg*.  _ SvD,  i  OO 

Ward  uid  WliLp^ik  ?  Frr^^wairT  Idiolasy.     (In  Prexi.} 

Whipple '«  VKroHoi'V  Qi  DrJnkiiLH-ivaier. ...  ,.,.........■ t .  .  --8vd,  3  Rt 

•  Tvphaii:!  PpVPT         --,-.- ,  ,,.,,^.  .„, . .  ._-LarHS  I'^mn,  S   IK* 

V'jlIub  of  Put?  Water ..,,... ...^.  ,...*.... Lanee  I2ido.  I  UO 

WiTwIow  't  SytEooAtic  RclAtiooshlp  of  Ibo  Coccuoi'.  - - ,  Largv  liiao.  %  BO 


HISCELLAREOUS. 


Bmmaru'4  GcoloFical  Giii'Ie-boQk  of  Lite  E^jjcky  Uountaln  BnTonlon  of  the 

loierrptiiLLnal  OonflTtaB  of  GhjIdb>>Uv"  '  -.>><''--^->>'  .Lar^  H*u  I  Afl 

FtTToI's  Popular  Treatise  ijn  the  Wlrula,    .,.. Bto.  4  W 

FiCjrs^nJd's  Botiun  ?4fLt:huiui.             ............ I, .4, Af,»«i,i..d jSm'),  I  00 

Cai^nell't  StaLi»ticiil  Abstract  oT  Eh*  World. . ,  ... .,,,..,._........  .2Jmo,  TS 

Hainci't  AiJkcikan  Rallmaf  MknBMcnml, ...  ...4-^i  .'.f^  ...,*- ,  ,,,j:rxK],  2  60 

■  Hanoicik'i  Th?  MtcroKopY  cl  Tisihiiica]  Produeto.     C^inCon)- ...  ..  -Bvd.  S  00 


jKobi*«  Battamwiit  Brieft,    A  CoUkHdii  of  PuhU<k«d  P^psn  on  Or- 

guEud  IdduttrUJ  Efficitncy ....Svo.  fa  60 

iiKtctJtt'i  Con  of  IfuiuFftcCura,  uid  tbe  AdminiitiKtian  of  WDrkfthopi-^Bvo,  fi  QO 

Pnttmni>  Nautical  Charts Sto.  2  00 

RlckelU'i  Hiaiory  of  RcniHlaer  PoLytcEhnic  InaHluH  [fi24'ia04. 

Lugs  ISino.  3  DO 

Rotherham'a  Empbaiiied  New  TnUaientr  -  -  ,..---.,-.  r- Large  3vd.  2  00 

Rust's  Bi'Ucridian  Attitude.  Aiimuth  ttuA  Sxu-fadlna  Tjibia,. ,-. ,  ,,Svo.  ff  00 

Standase'i  DrccnliDB  ol  Wood.  Glau,  M«tat»  acc -...-.  ,.-..]Zmo.  2  DO 

Thome's  Struciunl  and  P^yaLoloeicaS  Botany.     (B«naett). .  ,......,  ISmo.  3  2ft 

WatermaieT'i  CoDip«n4Jufli  of  General  Botany.     (Schnader). 8ro.  2  00 

Widiloift'e  Blementt  of  Applied  MicroKopr-  ...'•-. -  - .  -  - 12mD,  1  AO 


HEBREW   AHD   CHALDBE   TEZT-BOOOES. 

Ge«enEu9^B  Hebrnr  and  Chalde4  lexicon  to  th*  Old  Tutameat  Scripturvi, 

(TreifoilH.) Snull^to,  half  mor.     5  00 

Green^B  Elemontary  Hebnw  Gmnnuf.  ...,,.,,•..,,.,............  lifmo.     1  2fi 


» 


